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DETAILED ACTION 

Claim Rejections - 35 USC $ 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

2. Claims 6-8 and 14-15 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Noguchi et al. (U.S. 6,790,875) 

Noguchi et al. disclose aqueous energy curable ink comprising metallic colorant and 
energy curable vehicle made of homogenous, aqueous composition comprising 40-90% water, 1- 
30% ethylenically unsaturated resin containing neutralized functional groups, and photoinitiator. 
There is also disclosed method of printing comprising applying to a substrate the above ink and 
subjecting the substrate to actinic radiation to form an energy cured water resistant printed 
product (col.l, lines 10-18, col.3, line 65-col.4, line 9, col.4, lines 20-21, col.7, lines 5-15, col.21, 
lines 40-62, col.22, lines 4-18, col.25, lines 44-49, coL25, line 61-col.26, line 2, col.28, lines 21- 
48, col.29, lines 12-55, and col.30, lines 6-13). 

In light of the above, it is clear that Noguchi et al. anticipate the present claims. 
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Claim Rejections - 35 USC S 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

4. This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (£) or (g) prior art under 35 U.S.C. 103(a). 



5. Claims 1-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over Laksin et al. 
(U.S. 2003/0154871) in view of Tanaka et al. (U.S. 5,587,405). 
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Laksin et al. disclose aqueous, energy curable printing ink comprising pigment wherein 
the ink is formulated using a single phase, i.e. homogenous, composition comprising 5-50% 
water, ethylenically unsaturated resin containing neutralized acidic or basic functional groups, 
water-insoluble oligomer, water-soluble oligomer, and photoinitiator. There is also disclosed 
method of printing comprising applying the ink to substrate and then subjecting the substrate to 
actinic radiation. Although there is no disclosure that the ink is water resistant, given that Laksin 
et al. disclose ink identical to that presently claimed, it is clear that the ink is inherently water 
resistant (paragraphs 20-33, 35, 39, 62, 71-80, 92-102, 103-109, and claim 3). Attention is drawn 
to example of paragraphs 103-109 that discloses ink comprising 30.5% water and 9% neutralized 
resin. 

The difference between Laksin et al. and et al. and the present claimed invention is the 
requirement in the claims of specific pigment. 

Laksin et al. disclose the use of pigment, however, there is no disclosure of the use of 
metallic pigment as presently claimed. 

Tanaka et al., which is drawn to radiation curable ink, disclose the use of metal pigment 
such as metal powder in order to produce ink with fast color having strong light resistance. 
Tanaka et al. also disclose the equivalence and interchangeability of using organic pigment or 
carbon black, as disclosed by Laksin et al., with using the metal pigment (col.14, line 62-col.l5, 
line 21). 

In light of the above, it therefore would have been obvious to one of ordinary skill in the 
art to use metal pigment in the ink of Laksin et al. in order to produce ink with fast color having 
strong light resistance, and thereby arrive at the claimed invention. 



Application Number: 10/730,166 
Art Unit: 1714 



Page 5 



6. Claims 6-8 and 14-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Gummeson (U.S. 2002/0198289) in view of Tanaka et al. (U.S. 5,587,405). 

Gummeson discloses aqueous, energy curable, homogenous ink comprising at least 50% 
aqueous carrier medium comprising 30-100% water and 0-70% solvent, pigment, 20-50% UV 
curable resin having neutralized functional groups, and photoinitiator. There is also disclosed 
method of printing comprising applying to a substrate the above ink and subjecting the substrate 
to actinic radiation to form an energy cured water resistant printed product (paragraphs 2, 19-22, 
26-27, 34, 40-42, 48, 59, and 75-77). 

The difference between Gummeson and et al. and the present claimed invention is the 
requirement in the claims of specific pigment. 

Gummeson discloses the use of pigment, however, there is no disclosure of the use of 
metallic pigment as presently claimed. 

Tanaka et al., which is drawn to radiation curable ink, disclose the use of metal pigment 
such as metal powder in order to produce ink with fast color having strong light resistance. 
Tanaka et al. also disclose the equivalence and interchangeability of using organic pigment or 
carbon black, as disclosed by Gummeson, with using the metal pigment (col. 14, line 62-coL15, 
line 21). 

In light of the above, it therefore would have been obvious to one of ordinary skill in the 
art to use metal pigment in the ink of Gummeson in order to produce ink with fast color having 
strong light resistance, and thereby arrive at the claimed invention. 
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7. Claims 1-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over WO 
99/19369 in view of Thanawalla et al. (U.S. 4,745,138) and Tanaka et al. (U.S. 5,587,405). 

WO 99/19369 discloses aqueous energy curable printing ink comprising pigment and 
aqueous solution, i.e. homogenous, of water, diluent, 5-25% ethylenically unsaturated resin 
having neutralized functional groups, and photoinitiator. There is also disclosed method of 
printing comprising applying to a substrate the above ink and subjecting the substrate to actinic 
radiation to form an energy cured water resistant printed product. Attention is drawn to example 
9 that discloses ink comprising 46% water, 20% neutralized resin, water-soluble oligomer, 
pigment, and photoinitiator. Although there is no disclosure that the ink is water resistant, given 
that WO 99/19369 discloses ink identical to that presently claimed, it is clear that the ink is 
inherently water resistant (page 1, 1 st paragraph, page 3, 3 rd full paragraph, page 4, 1 st paragraph, 
paragraph bridging pages 4-5, paragraph bridging pages 5-6, page 6, 2 nd full paragraph - page 7, 
last paragraph, paragraph bridging pages 8-9, paragraph bridging pages 9-10, page 10, 1 st full 
paragraph, example 9, and example 12). For specific details regarding the diluent, WO 99/19369 
refers to Thanawalla et al. which discloses the use of diluent that is one or more, i.e. 
combination, water-soluble oligomer and water-insoluble oligomer (col.5, line 62-col.6, line 15 
and col.6, lines 44-60). 

The difference between WO 99/19369 and the present claimed invention is the 
requirement in the claims of specific pigment. 

WO 99/19369 discloses the use of pigment, however, there is no disclosure of the use of 
metallic pigment as presently claimed. 
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Tanaka et al., which is drawn to radiation curable ink, disclose the use of metal pigment 
such as metal powder in order to produce ink with fast color having strong light resistance. 
Tanaka et al. also disclose the equivalence and interchangeability of using organic pigment, as 
disclosed by WO 99/19369, with using the metal pigment (col.14, line 62-col.l5, line 21). 

In light of the above, it therefore would have been obvious to one of ordinary skill in the 
art to use metal pigment in the ink of WO 99/19369 in order to produce ink with fast color 
having strong light resistance, and thereby arrive at the claimed invention. 

8. Claims 1-2, 6-7, 9, and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Phillips et al. (Radiation Curable Water Dilutable Polyester Acrylates). 

Phillips et al. disclose aqueous energy curable printing ink comprising pigment, 
photoinitiator, and aqueous solution, i.e. homogenous, of water, water-soluble ethylenically 
unsaturated oligomer, i.e. polyethylene glycol diacrylate, and ethylenically unsaturated resin 
having neutralized functional groups. There is also di^losed method of printing comprising 
applying to a substrate the above ink and subjecting the substrate to actinic radiation to form an 
energy cured water resistant printed product (pages 1-2). 

The difference between Phillips et al. and the present claimed invention is the 
requirement in the claims of specific pigment. 

Phillips et al. disclose the use of pigment, however, there is no disclosure of the use of 
metallic pigment as. presently claimed. 
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Tanaka et al., which is drawn to radiation curable ink, disclose the use of metal pigment 
such as metal powder in order to produce ink with fast color having strong light resistance 
(col.14, line 62-col.l5, line 21). 

In light of the above, it therefore would have been obvious to one of ordinary skill in the 
art to use metal pigment in the ink of Phillips et al. in order to produce ink with fast color having 
strong light resistance, and thereby arrive at the claimed invention. 

9. Claims 1-5, 9, and 1 1-13 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Noguchi et al. (U.S. 6,790,875) in view of Figov (U.S. 5,623,001). 

Noguchi et al. disclose aqueous energy curable ink comprising metallic colorant and 
energy curable vehicle made of homogenous, aqueous composition comprising 40-90% water, 1- 
30% ethylenically unsaturated resin containing neutralized functional groups, and photoinitiator. 
There is also disclosed method of printing comprising applying to a substrate the above ink and 
subjecting the substrate to actinic radiation to form an energy cured water resistant printed 
product (col.l, lines 10-18, col.3, line 65-col.4, line 9, col.4, lines 20-21, col.7, lines 5-15, col.21, 
lines 40-62, col.22, lines 4-18, col.25, lines 44-49, col.25, line 61-col.26, line 2, col.28, lines 21- 
48, col.29, lines 12-55, and col.30, lines 6-13). 

The difference between Noguchi et al. and the present claimed invention is the 
requirement in the claim of ethylenically unsaturated oligomer. 

Figov, which is drawn to aqueous energy curable ink, discloses the use of ethylenically 
unsaturated oligomer in order to produce ink with sufficient film-forming properties to 
effectively dry during curing (col.3, line 45-col.4, line 4). 
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In light of the motivation for using ethylenically unsaturated oligomer disclosed by Figov 
as described above, it therefore would have been obvious to one of ordinary skill in the art to use 
ethylenically unsaturated oligomer in the ink of Noguchi et al. in order to produce ink with 
sufficient film-forming properties so that the ink effectively dries during curing, and thereby 
arrive at the claimed invention. 

10. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. 

EP 287019 discloses radiation curable composition comprising neutralized resin, 
ethylenically unsaturated oligomer, and photoinitiator, however, there is no disclosure that the 
composition comprises water or metallic pigment as required in all the present claims. While the 
composition is developable by an aqueous developer, there is no disclosure that the composition 
itself comprises water. 

Laksin et al. (U.S. 6,232,361) and Samaranayake (U.S. 6,743,514) each disclose aqueous 
energy curable ink comprising water, pigment, cationic polymerizable compound, cationic 
initiator, resin, and ethylenically unsaturated oligomer, however, there is no disclosure that the 
resin has neutralized functional groups or any disclosure of metallic pigment as required in all 
the present claims. 

EP 35574 discloses protective coating comprising water and neutralized resin, however, 
there is no disclosure that the composition comprises metallic pigment as required in all the 
present claims or any disclosure of ethylenically unsaturated oligomer as required in present 
claim 1 and 9. EP 35574 also discloses radiation curable ink comprising ethylenically 
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unsaturated oligomer, resin having neutralized groups, metallic colorant, and photoinitiator, 
however, there is no disclosure that the ink comprises water as required in all the present claims. 

Beck et al. (U.S. 2003/0152715) discloses aqueous, radiation curable ink comprising 
water, ethylenically unsaturated oligomer, pigment, and resin, however, there is no disclosure 
that the resin has neutralized functional groups or any disclosure of metallic pigment or 
homogeneous vehicle as required in all the present claims. 

1 1 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Callie E. Shosho whose telephone number is 571-272-1 123. The 
examiner can normally be reached on Monday-Friday (6:30-4:00) Alternate Fridays Off 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Vasu Jagannathan can be reached on 571-272-1 119. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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PHOTONEUTRALI ZATION OF pH SENSITIVE AQUEOUS POLYMERIC 
DISPERSIONS AND METHODS FOR USING SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to photoneutralized, 
pH sensitive, aqueous polymeric dispersions. 

Description of Related Art 

Free radical polymerizable compositions offer a 
number of advantages over heat or ambient temperature 
curing, including: rapid curing at ambient temperatures; 
elimination of solvents and the environmental problems 
associated with there use; elimination of solvent 
recovery; elimination of the use of fossil fuels for 
curing and their polluting effects; and the capability of 
coating heat sensitive substrates. However, radiation 
curing at times introduces its own difficulties, such as 
in connection with formulating compositions having 
varying degrees of viscosity; use o£ toxic components and 
inhibition of curing by air contact. These difficulties 
may be substantially overcome by selective formulation of 
the radiation curable compos it ion, and hence, the 
selection of the components of the radiation curable 
composition becomes critical. 

Radiation curable compositions are well known in the 
art. Monomers typically used for such purpose include 
acrylic and methacrylic acid esters of various diols and 
triols, such as 1, 6-hexanedi-ol, diethylene glycol, 1,4 
butanediol, trimethoxypropane, pentaerythritol or 
glycerol, along with alkoxylated monomers, such as 
ethoxylated and propoxylated derivatives thereof. 
Typical examples of radiation curable compositions 



1 



WO 99/19369 PCTAJS98/22035 

employing some of the above -described monomers have been 
described in U.S. Patents 3,594,410 and 3,380,831, which 
are concerned with printing and thermal transfer 
reproductive elements. U.S. Patents 3,912,670; 
4,025,548; 4,183,796; 4,243,500; 4,360,540; and 4,404,075 
teach radiation curable coating and adhesive 
compositions. It is also well known to prepare radiation 
curable compositions using specialized polymerizable 
materials. For example, U.S. Patents 4,994,346; 
5,308,744; 5,300,380; 5,585,222; and 5,498,765 teach film 
forming photoreactive polymeric compositions for use in 
photoresist materials. The polymeric material employed 
in each case, however, contains cationic polymerizable 
groups. U.S. Patents 5,206,116; 5,296,332; and 5,384,229 
describe film forming photoreactive polymers that also 
contain cationic polymerizable systems for use in 
electrodeposition or solder masking. In U.S. Patents 
3,356,461 and 3,342,787, esters of styrene maleic 
anhydride copolymers are used. U.S. Patents 3,862,067 
and 3,884,856 disclose styrene maleic anhydride 
copolymers derived from low molecular weight copolymers 
of styrene and maleic anhydride. U.S. Patents 3,825,430 
and 4,401,793 teach the use of polymerizable esters 
prepared by reacting an anhydride -containing polymer with 
an excess of hydroxyalkylacrylate or methacrylate wherein 
the esters are free of unreacted anhydride groups. 
French Patent 2,253,772 describes the use of styrene- 
maleic anhydride polymers having free hydroxyl groups. 
U.S. Patent 4,293,636 teaches a photopolymerizable 
composition containing polyester, half esterified 
hydroxyalkylacrylate of polybasic acid and vinyl monomer. 
However, all of these references teach radiation curable 
compositions containing organic solvents. 

Representing a departure from solvent based 
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radiation curable compositions, European Patent 0 257 554 
A2 teaches a radiation curable composition employing a 
stable aqueous dispersion of polymers produced from a 
monomer containing ethylenic unsaturation and pendant 
cationic ethylenic functionalities. The polymers cross- 
link upon exposure to radiation in the presence of a 
cationic photoinitiator . U.S. Patent 4,745,138 describes 
a radiation curable composition comprising low molecular 
weight partial ester of free anhydride -containing 
copolymers. These polymers, however, are not water 
soluble or dispersible due to the free anhydride 
functionalities . 

For the most part, the prior art does not teach 
aqueous polymer dispersions or solutions wherein in the 
presence of a cationic photoinitiator, the polymer 
precipitates out of the dispersion or solution to form a 
film upon exposure to radiation. 

The prior art does not teach aqueous polymer 
dispersions or solutions wherein in the presence of a 
cationic photoinitiator, the polymer precipitates out of 
the dispersion or solution to form and undergo cross - 
linking upon exposure to radiation. 

It is a primary object of the present invention to 
provide an aqueous polymer dispersion or solution wherein 
in the presence of a cationic photoinitiator, the polymer 
does not polymerize but precipitates out of solution to 
form a film. 

It is also an object of the present invention to 
provide an aqueous polymer dispersion or solution 
wherein in the presence of a cationic photoinitiator, the 
polymer does not polymerize but precipitates out of 
solution to form a free radical cross -linkable film when 
exposed to radiation. 

Another object of the present invention is to 
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prepare simple and inexpensive printing inks and coatings 
using these aqueous polymer dispersions. 

Another object of the present invention is to 
prepare simple and inexpensive energy curable printing 
inks and coatings using these aqueous polymer 
dispersions. 

These an other objects, which will become apparent 
from the following description of the present invention. 

SUMMARY OF THE INVENTION 
In one aspect the invention is an energy curable 
basic aqueous polymer dispersion wherein the polymer is 
substantially free of cationic polymerizable functional- 
ities and capable of being precipitated from the 
dispersion in the presence of an acid generating 
photoinitiator upon exposure to radiation. * 

In another aspect the invention is a water based 
energy curable coating and ink composition employing 
these energy curable basic aqueous polymer dispersions. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention extends the use of radiation curing 
technology to the vast and economical array of water 
based polymer systems used in water base printing and 
coating. Water base polymeric systems typically contain 
acidic or basic functional resins neutralized to a 
certain pH by a base or acid, respectively, in order to 
solubilize the resin or resin system in water. As in the 
prior art, the polymers of the present invention are 
neutralized and are soluble or dispersible in aqueous 
medium. However, unlike prior art polymers, the polymers 
of the present invention are substantially free of 
cationic polymerizable functionalities and thereby avoid 
cross-linking via a cationic mechanism when exposed to 



4 



WO 99/19369 PCT/US98/22035 

radiation. The polymer, may however, optionally contain 
free radical polymerizable functionalities rendering it 
capable of cross- linking via a free radical mechanism 
upon exposure to radiation. 

Three essential characteristic features are required 
of the polymers suitable for use in the present 
invention: a) the polymer must be substantially free of 
cationic polymerizable functionalities; b) the polymer 
must be soluble or dispersible in a basic aqueous 
solution and an acid generating photoinit iator ; and (c) 
the polymer must precipitate out of such solution upon 
exposure to radiation. Polymers suitable for use in the 
present invention, for example, may include polyamide 
resins, acrylic resins, acrylated acrylic resins, amino 
resins, polyester resins, ure thane resins, starch, 
polysulfonate resins, phenolic resins and melamine 
resins. In addition to meeting these requirements the 
polymer may optionally containing free radical 
polymerizable functionalities, for example, the class of 
compounds meeting these requirements would include 
copolymers of the general structure: 
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wherein: R 2 and R 2 are independently selected from the 
group consisting of hydrogen, <VC 20 alkyl , C 6 -C 10 aryl, C 7 - 
C 14 alkaryl, C 4 -C 12 cycloalkyl and halogen such as 
chlorine, fluorine and bromine; and preferably are 
independently selected from hydrogen, methyl, phenyl, 
benzyl, or C 4 -C 6 cycloalkyl; R 3 , R 4 and R 5 are 
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independently selected from the group consisting of 
hydrogen and C^Cs alkyl; and preferably are 
independently selected from hydrogen and/or methyl; R 6 is 
selected from the group consisting of alkyl , aralkyl, 
alkyl substituted aralkyl and oxyalkylated derivatives of 
same containing 2 to 4 carbon atoms in each oxyalkylene 
group, which group may be 1 to 20 and preferably 1 to 6 
repeating units; A is a linear or branched divalent C X -C 2Q 
alkylene or oxyalkylated derivative thereof as described 
in connection with R 6 ; and subscripts x, y, z and t are 
whole numbers such that the sum of x, y, z and t ranges 
from 3 to 20, with each being equal to or greater than 1. 

In general, the polymerizable compositions of the 
present invention may be liquids or free flowing solids, 
depending upon their molecular weight, and are 
characterized by having a number average molecular weight 
if between about 1,000 and 20,000, preferably between 
2,000 and 4,000, an acid number between 100 to 300 and 
preferably between 180 and 300, an acrylate equivalent 
per gram value of at least 0.1, preferably between 10 to 
50 molar percent, and a glass transition temperature of 
at least about 40 degrees C and preferably between 50 and 
100 degrees C. 

The polymers containing free radical polymerizable 
functionalities, optionally employed in the present 
invention, may be prepared, for example, by reacting a 
styrene/maleic anhydride copolymer, a hydroxyl terminated 
acrylate and a monof unctional alcohol to form a partial 
ester. Next, any remaining anhydride functionalities 
would be opened with a water/ammonia mixture. The 
solvent would then removed through a solvent exchange 
process . 

A reaction scheme for preparing the free radical 
polymerizable functionalities employed herein, for 
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example, may constitute adding methyl isobutyl ketone 
(MIBK) under agitation to a styrene maleic anhydride 
copolymer having an acid number of 480 and an average 
molecular weight of 1600. The two materials are then 
heated to approximately 95-110 degrees C over 1 to 2 
hours under a nitrogen blanket. Next, N,N-dimethylbenzyl 
amine and a monof unctional alcohol such as n-propanol, 
ethanol or octadecanol are then added to form a polymeric 
mixture having an acid number between 200 to 210. The 
nitrogen blanket is then removed and 4 -methoxyphenol and 
N,N-dimethylbenzylamine is added. Over a period of time, 
for example 60 to 90 minutes, a hydroxy- functional 
acrylate such as 4-hydroxybutyl acrylate or 2 -hydroxy - 
ethyl acrylate is added until the acid number of the 
polymeric mixture is between 130 to 140. The polymeric 
mixture is then distilled and 4 -methoxyphenol is added 
along with ammonium hydroxide and deionized water. The 
mixture is then heated, for example to 99 degrees C. The 
MIBK and water are then removed by distillation. When 
all of the MIBK has been removed, the water is returned 
to the mixture as a water/ ammonia distillate. 

The photoinitiators employed in the present 
invention, are selected from commercially available acid 



to be bound by theory, it is believed that the acidic or 
basic dispersion, which is photogenerated in the aqueous 
medium by the action of the radiation and photoinitiator , 
serves to instantly shift the equilibrium of the 
polymeric dispersion in the medium and cause the polymer 
to precipitate out of solution forming a film. Thus, 
where base generating photoinitiators are employed, 
acidic polymeric dispersions are preferred. Likewise, 
where acid generating photoinitiators are employed, basic 
polymeric dispersions are preferred. 




and base generating photoinitiators. While not wishing 
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Base generating photoinitiators suitable for use in 
the present invention include carbamates such as 3 ',5'- 
dimethoxybenzoin carbamate, orthonitrobenzyl carbamate; 
oximes such as orthophenylacetyl acetophenone oxme and 
0, 0 1 -succinyl diacetophenone oxime; and inorganic amines 
such as bromo (pentamine) cobalt (II) chloride, alkylamine 
cobalt; and complexes of the general structure 
Co(NH 2 Z 5 ) (K) n where Z is a methyl or n-propyl group, K is 
chloride, bromide or perchlorate ion and n is an integer 
from 1 to 2 . 

Acid generating photoinitiators suitable for use in 
the present invention include diazonium salts; sulfonium 
salts; iodomium salts; ferocinium salts; tetraphenyl- 
phosphonium tetrafluoro phosphate; phenanthrolium bis- 
hexaf luorophosphate ; diphenylsulf oxonium hexaf luoro- 
phosphate; triphenylselenonium salts; triphenyl- 
telluronium salts; 2 , 6 -diphenyl -4 -p-chloro 
phenyl thiopyryliumtetraf luoroborate ; and cyclopentadienyl 
isopropylbenzene Iron (II) . 

The preferred diazonium salts are selected from 2,5- 
diethoxy- 4 - (p-tolylmercapto) benzene diazonium 
hexaf luorophosphate, 2,4, 6-trichlorobenzene diazonium 
hexaf luorophosphate, 2,4, 6-tribromobenzene diazonium 
hexaf luorophosphate, p-chloro benzene diazonium 
hexaf luorophosphate . 

The preferred sulfonium salts are selected from 
triarylsulfoniumhexafluorophosphate and triarylsulf onum 
hexaf luoroantimonate . 

The preferred iodonium salts are selected from 
diphenyliodoniumhexaf luorophosphate, diphenyl iodonium 
hexaf luoroarsenate, diphenyl iodoniumtrif luoromethane 
sulfonate, diary 1 iodoniumtrif luoromethane sulfonate and 
UV 9310-C (available from GE Silicones, Waterford, NY) . 

In addition to the optionally radiation curable, 
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photoneutralizable polymer and photoinitiator, small 
amounts of free radical photoinitiator and water soluble 
or dispersible diluents may be added to the aqueous 
dispersions of the invention for improved film 
performance properties. These water soluble or 
dispersible diluents include, but are not limited to, 
vinyl monomers such as lower alkyl esters of acrylic or 
methacrylic acid including methyl methacrylate, ethyl 
acrylate, 2-ethylhexyl acrylate, butyl acrylate and 
isobutyl methacrylate; vinyl esters such as vinyl acetate 
and vinyl propionate; vinyl halides; and high solvency 
monomers such as 2, 2-ethoxyethoxyethyl acrylate, tetra- 
hydrofurfuryl acrylate, n-laurylacrylate, 2-phenoxy ethyl 
acrylate, glycidyl acrylate, glycidylmethacrylate, 
isodecylacrylate, isoctyl acrylate. Other diluents 
include vinyl aromatics such as styrene, alphamethyl 
styrene, vinyl toluene, indene and p-tert butyl styrene, 
fumaric acid, maleic anhydride and nitrogen containing 
monomers such as acrylonitrile, acrylamide, methacryl- 
amide, N,N-dimethylacrylamide, N-vinylpyrrolidine and N- 
vinyl caprolactam. These and other suitable diluents are 
widely known and some are described in U.S. Patent 
4,745,138 which is incorporated herein by reference. 
Generally the diluents and other additives must not be 
reactive with the photoneutralization of the polymer 
dispersion, i.e. will not copolymerize therewith, and 
shall be water soluble or dispersible. It is important 
that the additives and diluents do not interfere with the 
polymerization, photoneutralization or precipitation of 
the polymeric dispersion. 

The amount of polymer having substantially free of 
cat ionic polymerizable functionalities employed in the 
energy curable compositions herein ranges from about 5 
wt.% to about 25 wt.%; the amount of polymer having free 
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radical polymerizable functionalities used ranges from 
about 5 wt.% to about 50 wt.%; the amount of cationic 
photoinitiator used will typically range from about .01 
wt.% to about 5 wt.%; and the amount of free radical 
photoinitiator used will typically range from about 2 
wt.% to about 10 wt.%. 

The curable compositions of the present invention 
are cured by means of radiation. As used herein, the 
term "radiation" shall mean electron beam, ultra-violet 
light, gamma rays, etc., but preferably the term means 
ultra-violet light or electron beam. 

The aqueous polymeric dispersions of the present 
invention dry instantly. Thus, there is no need for 
water removal at or during curing. When used as a 
coating or printing ink, they may be applied by any 
suitable means, such as by spraying, dipping, flow 
coating, brushing and the like, followed by or 
simultaneously with irradiation. Since the energy curable 
compositions of the invention are aqueous based no 
volatile organic compounds (VOCs) are present which 
renders the compositions water washable. Also, the 
problem of transdermal migration of acrylates, common in 
many solvent based energy curable cross-linked systems,' 
is also eliminated in these aqueous based dispersions. 

The following examples will serve to illustrate the 
specific aspects of the present invention. The examples 
as well as other embodiments set forth in the 
specification are intended to be illustrative of the 
invention and shall not necessarily limit the scope 
thereof in any respect or be construed as such. In the 
examples and throughout the specification and claims, all 
parts and percentages are by weight unless otherwise 
expressly stated. 
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Example 1 (Comparative) 
A water based blue printing ink was prepared 
by combining Sunsperse BHD- 6000 aqueous dispersion 
(40wt.%, pH 8, a Sunsperse is trademark of the Sun 
Chemical Corporation, Fort Lee, NJ) and an acrylic 
aqueous dispersion (60 wt.%, E-1691 having a pH 5.7, 
available from Rohm and Hass Corporation, Philadelphia, 
PA) . The resulting printing ink had a pH of 7.6. 

Example 2 

To the printing ink prepared in Example 1 was added 
Cyracure 6990 (5 parts, 50 vol% triarylsulf onium 
hexafluoro phosphate salt in propylene carbonate, 
Cyracure is a trademark of the Union Carbide Corporation, 
Danbury, CT) . 

Example 3 

The printing inks of Examples 1 and 2 were each 
printed onto a polyester substrate with a flexographic 
printer and exposed to ultra-violet light (400 watt/inch 
@400 feet per minute) . The printing ink of Example 1 was 
very soft, easily smeared surface and took at least 24 
hours to dry. However, the printing ink of Example 2 
dried immediately and had a non-smear surface, an 
indication of an ink having excellent substrate adhesion. 

Example 4 

A coating was prepared by removing the pigment from 
the formulation described in Example 2. 

Example 5 

The pH of the printing ink prepared in Example 2 was 
adjusted to a pH of 10 by adding ammonia. The printing 
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ink was then printed onto a polyester substrate and 
exposed to ultraviolet light (400 watt/inch @4 00 feet per 
minute) . The printing ink dried immediately and had a 
non-smear surface. 

Example 6 (Comparative) 
A standard water based black printing ink was 
prepared with an epoxy ester based aqueous ink. The pH 
of the resulting ink was 8.5. 

Example 7 

To the ink prepared in Example 6 was added Cyracure 
6990 photoinitiator (5 parts, 50 vol% triarylsulf onium- 
hexaf luorophosphate salt in propylene carbonate) . The pH 
of the resulting ink was 8.4. 

Example 8 

The printing inks of Examples 6 and 7 were each 
printed onto a polyester substrate with a f lexographic 
printer and exposed to ultra-violet light (400 watt/inch 
@400 feet per minute) . The printing ink of Example 6 was 
very soft surface and was easily smeared. However, the 
printing ink of Example 7 had a mufch harder, non- smear, 
surface . 

Example 9 

A black printing ink was prepared by adding a black 
pigment (15 wt.%), a water soluble epoxy polyacrylate (15 
wt.%) (BASF Laromer 8765, available from BASF Corp., Mt. 
Olive, NJ) , a reactive styrene maleic acrylated resin 
modified with hydroxyethyl acrylate (20 wt.%), water (46 
wt.%), a free radical photoinitiator (2 wt.%, Irgacure 
2959, Irgacure is a trademark of Ciba Specialties, Corp., 
Tarrytown, NY), a cationic photo initiator (1 wt.%, 50 
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vol% triarylsulf oniumhexaf luorophosphate salt in 
propylene carbonate, Cyracure 6990) , a wetting additive 
Tego Glide 435 (0.5 wt.%, Tego Glide is a trademark of 
Tego Chemie Service GmbH, Essen, Germany) and ammonia 
(0.5 wt.%) . The resulting printing ink had a pH between 7 
and 8. 

The printing ink was applied to a metallized paper 
substrate with a f lexographic printing device and exposed 
to ultraviolet light (240 mJ/cm 2 @200 feet per minute) . 
The printing ink was resistant to 30 alcohol (e.g. 
methylethylketone) rubs and had a color density of 1.9. 

Example 10 

A red printing ink was prepared by adding Sunsperse 
pigment dispersion (35 wt.%, of which 30 wt.% is 
pigment), Laromer 8765 (17 wt.%), reactive styrene maleic 
acrylated resin modified with hydroxyethyl acrylate (17 
wt.%), water (27 wt.%), Irgacure 2959(2 wt.%) and 
Cyracure 6990 (1 wt.%), Tego Glide 435 (0.5 wt.%) and 
ammonia (0.5 wt.%). The resulting printing ink had a pH 
between 7 and 8. 

The printing ink was applied to a metallized paper 
substrate with a 450 line flexoanilox device and exposed 
to ultra-violet light (250 mJ/cm 2 @120 feet per minute) . 
The printing ink was resistant to 50 alcohol rubs and had 
a color density of 2.0. 

Example 11 

A coating was prepared by adding an styrene maleic 
anhydride acrylate (20 wt.%), epoxy acrylate (30 wt.%, 
Laromer 8765) water (47 wt.%), and a iodonium hexafluoro- 
animonate photoinitiator (0.5 wt.%, UV9365C-D1, available 
from GE Silicones, Waterford, NY) 
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Example 12 

An ink was prepared by adding a carbon black pigment 
to the procedure described in Example 11. 

Example 13 (Comparative) 
A coating was prepared by the procedure described in 
Example 11, except the iodonium hexaf luoroanimonate 
photoinitiator was omitted. 

Example 14 

The coatings of Examples 11 and 13 were applied to 
with a #2 rod and exposed to an electron beam (165kV, 2.6 
Mrad, oxygen content less than 200 ppm, @50 feet per 
minute) . The coating of Example 11 was resistant to 
between 70-90 alcohol rubs, whereas the coating of 
Example 13 was resistant to between 4 0-50 alcohol rubs. 

Example 15 

A coating was prepared by adding an styrene maleic 
anhydride acrylate modified with hydroxy ethyl acrylate 

(36 wt.%), an epoxy acrylate (10 wt.%, Laromer 8765, 
water (48 wt.%), Igracure 2959 (1 wt.%) and a cationic 
photoinitiator (1.0 wt.% Cyracure 6990). 

The coating was odorless when applied with a #3 
Mayer bar onto a leneta substrate. The coating was then 
exposed to ultra-violet light (400 watt/in @200 feet per 
minute) . The rub resistance of the coating to alcohol 

(e.g. methyl ethyl ketone) was greater than 100 and the 
gloss was between 87 and 94. The scratch resistance was 
also excellent. 

The present invention has been described in detail, 
including the preferred embodiments thereof. However, it 
will be apparent to those of skill in the art, upon 
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consideration of the present disclosure, that the 
invention is capable of numerous modifications, 
substitutions, rearrangements of parts and/or 
improvements without departing from the spirit and scope 
of the invention as set forth in the following claims. 
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What is claimed is: 

1. An aqueous polymer dispersion comprising a 
polymer substantially free of cationic polymerizable 
groups and a cationic photoinitiator , wherein the polymer 
is capable of being precipitated by an acid generating 
photoinitiator upon exposure to radiation. 

2 . The aqueous polymer dispersion of Claim 1 
wherein the polymer is selected from polyamide resins, 
acrylic resins, acrylated acrylic resins, amino resins, 
polyester resins, urethane resins, starch, polysulf onate 
resins, phenolic resins and melamine resins. 

3 . The aqueous polymer dispersion of Claim 1 
wherein the polymer is an energy curable polymer having 
the general structure : 
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wherein: R x and R 2 are independently selected from the 
group consisting of hydrogen, C 1 -C 20 alkyl, C 6 -C 10 aryl, 
C 7 -C l4 alkaryl, C 4 -C 12 cycloalkyl and halogen such as 
chlorine, fluorine and bromine; R 3/ R 4 and R 5 are 
independently selected from the group consisting of 
hydrogen and C^Cg alkyl; R 6 is selected from the group 
consisting of alkyl, aralkyl, alkyl substituted aralkyl 
and oxyalkylated derivatives of same containing 2 to 4 
carbon atoms in each oxyalkylene group, which group may 
be 1 to 2 0 and preferably 1 to 6 repeating units; A is a 
linear or branched divalent C x -C 20 alkylene or oxyalkyla- 
ted derivative thereof as described in connection with 
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R 6 ; and subscripts x, y, z and t are whole numbers such 
that the sum of x, y, z and t ranges from 3 to 20, with 
each being equal to or greater than 1. 

4. The aqueous polymer dispersion of Claim 1 
wherein the acid generating photoinitiator is selected 
from diazonium salts; sulfonium salts; iodomium salts; 
ferocinium salts; tetraphenylphosphonium tetrafluoro- 
phosphate; phenanthrolium bis-hexaf luorophosphate; 
diphenylsulf oxonium hexaf luorophosphate ; triphenylseleno- 
nium salts; triphenyltelluronium salts; 2 , 6-diphenyl-4-p- 
chloro phenylthiopyryliumtetraf luoroborate; and cyclo- 
pentadienyl isopropylbenzene Iron (II) . 

5. The diazonium salts in Claim 4 selected from 
2 , 5-diethoxy-4- (p-tolylmercapto) benzene diazonium 
hexaf luorophosphate , 2,4, 6- trichlorobenzene diazonium 
hexaf luorophosphate , 2,4, 6- tribromobenzene diazonium 
hexaf luorophosphate, p-chloro benzenediazonium and 
hexaf luorophosphate . 

6. The sulfonium salts in Claim 4 selected from 
triarylsulf oniumhexaf luorophosphate and triarylsulf onum 
hexaf luoroantimonate . i 

7. The iodonium salts in Claim 4 selected from 
diphenyliodoniumhexaf luorophospha||e, diphenyl iodonium 
hexaf luoroarsenate , diphenyliodoniumtrif luoromethane 
sulfonate, diaryliodoniumtrif luoromethane sulfonate and 
UV 9310-C (available from GE Silicones, Waterford, NY) . 

8 . The aqueous polymer dispersion of Claim 3 
wherein R x and R 2 are independently selected from 
hydrogen, methyl, phenyl, benzyl, and C 4 -C 6 cycloalkyl . 

9. The polymer dispersion of Claim 3 wherein 

R 3 R 4 and R 5 are independently selected from hydrogen and 
methyl . 

10. A water based coating composition comprising: 
(i) the aqueous polymer dispersion of Claim 1; (ii) an 
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acid generating photoinitiator ; and (iii) a free radical 
photoinitiator. 

11. The coating of Claim 10 wherein the polymer is 
selected from polyamide resins, acrylic resins, acrylated 
acrylic resins, amino resins, polyester resins, urethane 
resins, starch, polysulf onate resins, phenolic resins and 
melamine resins . 

12. The coating of Claim 10 wherein the polymer is 
an energy curable polymer having the general structure: 
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wherein: R x and R 2 are independently selected from the 
group consisting of hydrogen, C^^q alkyl , C 6 -C 1D aryl, 
C 7 -C 14 alkaryl, C 4 -C 12 cycloalkyl and halogen such as 
chlorine, fluorine and bromine; R 3 , R 4 and R 5 are 
independently selected from the group consisting of 
hydrogen and C x -C b alkyl; R 6 is selected from the group 
consisting of alkyl, aralkyl, alkyl substituted aralkyl 
and oxyalkylated derivatives of same containing 2 to 4 
carbon atoms in each oxyalkylene group, which group may 
be 1 to 20 and preferably 1 to 6 repeating units; A is a 
linear or branched divalent Ci-C^o alkylene or oxyalkyla- 
ted derivative thereof as described in connection with 
R 6 ; and subscripts x, y, z and t are whole numbers such 
that the sum of x, y, z and t ranges from 3 to 20, with 
each being equal to or greater than 1. 

13. The coating composition of Claim 10 wherein the 
acid generating photoinitiator is selected from diazonium 
salts; sulfonium salts; iodomium salts; ferocinium salts; 
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tetraphenylphosphonium tetraf luorophosphate ; phenanthro- 
lium bis-hexaf luorophosphate; diphenylsulf oxonium 
hexaf luorophosphate; triphenylselenonium salts; 
triphenyltelluronium salts; 2 , 6-diphenyl-4-p-chloro 
phenyl thiopyryliumtetraf luoroborate ; and cyclopentadienyl 
isopropylbenzene Iron (II) . 

14. The coating composition of Claim 13 wherein the 
diazonium salts are selected from 2, 5-diethoxy-4- (p- 
tolylmercapto) benzene diazonium hexaf luorophosphate, 

2 , 4 , 6 - trichlorobenzene diazonium hexaf luorophosphate , 
2,4, 6-tribromobenzene diazonium hexaf luorophosphate, p- 
chloro benzenediazonium and hexaf luorophosphate. 

15. The coating composition of Claim 13 wherein the 
sulfonium salts are selected from triarylsulfoniumhexa- 

f luorophosphate and triarylsulfonum hexaf luoroantimonate . 

16 . The coating composition of Claim 13 wherein the 
iodonium salts are selected from diphenyliodoniumhexa- 

f luorophosphate, diphenyl iodonium hexaf luoroarsenate , 
diphenyliodoniumtrif luoromethane sulfonate , diaryliodo- 
niumtrifluoromethane sulfonate and UV 9310-C (available 
from GE Silicones, Waterford, NY) . 

17. A water based printing ink composition 
comprising: (i) the aqueous polymer dispersion of Claim 1; 
(ii) an acid generating photoinitiator; (iii) a free 
radical photoinitiator; and (iv) a pigment. 

18. The printing ink of Claim 17 wherein the 
polymer is selected from polyamide resins, acrylic 
resins, acrylated acrylic resins, amino resins, polyester 
resins, urethane resins, starch, polysulf onate resins, 
phenolic resins and melamine resins. 

19. The printing ink of Claim 17 wherein the 
polymer is an energy curable polymer having the general 
structure : 
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wherein: R x and R 2 are independently selected from the 
group consisting of hydrogen, CVC^o alkyl, C 6 -C 10 aryl, 
C 7 -C l4 alkaryl, C 4 -C 12 cycloalkyl and halogen such as 
chlorine, fluorine and bromine; R 3 , R 4 and Rg are 
independently selected from the group consisting of 
hydrogen and C x -C s alkyl; R 6 is selected from the group 
consisting of alkyl, aralkyl, alkyl substituted aralkyl 
and oxyalkylated derivatives of same containing 2 to 4 
carbon atoms in each oxyalkylene group, which group may 
be 1 to 20 and preferably 1 to 6 repeating units; A is a 
linear or branched divalent C^-^o alkylene or oxyalkyla- 
ted derivative thereof as described in connection with 
R 6 ; and subscripts x, y, z and t are whole numbers such 
that the sum of x, y, z and t ranges from 3 to 20, with 
each being equal to or greater than 1. 

20. The printing ink of Claim 17 wherein the acid 
generating photoinitiator is selected from diazonium 
salts; sulfonium salts; iodomium salts; ferocinium salts; 
tetraphehylphosphonium tetraf luorophosphate; phenanthro- 
lium bis -hexaf luorophosphate; diphenylsulf oxonium 

hexaf luorophosphate; triphenylselenonium salts ; 
triphenyltelluronium salts; 2 , 6-diphenyl-4-p-chloro 
phenyl thiopyryliumtetraf luoroborate ,- and cyclopentadienyl 
isopropylbenzene Iron (II) . 

21. The printing ink of Claim 20 wherein the 
diazonium salts are selected from 2 , 5-diethoxy-4- (p- 
tolylmercapto) benzene diazonium hexaf luorophosphate, 
2 , 4 , 6-trichlorobenzene diazonium hexaf luorophosphate, 

20 
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2,4, 6-tribromobenzene diazonium hexaf luorophosphate, p- 
chloro benzenediazonium and hexaf luorophosphate . 

22. The coating composition of Claim 20 wherein the 
sulfonium salts are selected from triarylsulf oniumhexa- 

f luorophosphate and triarylsulf onum hexaf luoroantimonate . 

23. The coating composition of Claim 20 wherein the 
iodonium salts are selected from diphenyliodoniumhexa- 

f luorophosphate, diphenyl iodonium hexaf luoroarsenate, 
diphenyliodoniumtrif luoromethane sulfonate , diaryliodo- 
niumtrif luoromethane sulfonate and UV 9310-C (available 
from GE Silicones, Waterford, NY) . 

24 . An aqueous polymer dispersion comprising a 
polymer substantially free of cationic polymerizable 
groups and a cationic photoinitiator, wherein the polymer 
is capable of being precipitated by a base generating 
photoinitiator upon exposure to radiation. 

25. The aqueous polymer dispersion of Claim 25 
wherein the base generating photoinitiator is selected 
from carbamates, oximes, inorganic amines, and complexes 
of the general structure Co(NH 2 Z 5 ) (K) n where Z is a methyl 
or n-propyl group, K is chloride, bromide or perchlorate 
ion and n is an integer from 1 to 2. 

26. The aqueous polymer dispersion of Claim 24 
wherein the polymer is selected from polyamide resins, 
acrylic resins, acrylated acrylic resins, amino resins, 
polyester resins, urethane resins, starch, polysulfonate 
resins, phenolic resins and melamine resins. 

27. The aqueous polymer dispersion of Claim 24 
wherein the polymer is an energy curable polymer having 
the general structure: 
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wherein: R x and R 2 are independently selected from the 
group consisting of hydrogen, C x -C 20 alkyl, C 6 -C 10 aryl, C 7 - 
C 14 alkaryl, C 4 -C 12 cycloalkyl and halogen such as 
chlorine, fluorine and bromine; R 3 , R 4 and R s are 
independently selected from the group consisting of 
hydrogen and alkyl; R 6 is selected from the group 

consisting of alkyl, aralkyl, alkyl substituted aralkyl 
and oxyalkylated derivatives of same containing 2 to 4 
carbon atoms in each oxyalkylene group, which group may 
be 1 to 20 and preferably 1 to 6 repeating units; A is a 
linear or branched divalent Cj-C^ alkyl ene or oxyalkyla- 
ted derivative thereof as described in connection with 
R 6 ; and subscripts x, y, z and t are whole numbers such 
that the sum of x, y, z and t ranges from 3 to 20, with 
each being equal to or greater than 1. 
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© PHOTO-POLYMEREABLE LIGHT-SENSITIVE RESIN COMPOSITION AND UGHT-SENSltiVE SHEET MATERIAL 



(57) Photo-polymerizable Hght-sensrtive resin composition 
containing a styrene/maletc acid copolymer resin, an ethyl ert- 
tcalry unsaturated compound, and a photo-polymerization 
initiator. A light-sensitive sheet comprising support (10) hav- 
ing a layer (11) of said photo-polymerizable light-sensitive 
resin composition is also disclosed. The composition and the 
sheet material can be advantageously used particularly for 
preparing various cards such as credit cards and cash cards. 



Fig. I 



< << < << 



y-\2 

Hi 



10 

in 
w 
o 



Qu 



Croydon Printing, Company Ltd. 



- 1 - 



0035574 



description TITLE MODIFIED 

see front page 



10 



TITLE OF THE INVENTION 

Photopolymerizable Radiation-sensitive Resin Com- 
position and Radiation-sensitive Sheet Material 
TECHNICAL FIELD 

The present invention relates to a photopolymerizable 
radiation-sensitive resin composition and a radiation- 
-sensitive sheet material comprising a layer of such can- 
position. In particular, the present invention relates to 
a photopolymerizable radiation-sensitive resin composition 
and a radiation- sensitive sheet material comprising a layer 
of such composition, which are suitable for use in the pre- 
paration of identification cards (so-called ID cards) and 
the other similar cards having encapsulated therein a 
photographic image. 
15 BACKGROUND ART 

With the advance of information processing by means of 
computers, various cards having a magnetic coating are 
frequently used as an input medium to an input device of 
the computer. For example, typical cards include a credit 
20 card, a banking or cash card, a driver 1 s licence card, a 
commutation or season ticket, a key card and the like. In 
these cards which have special usages, the requirements 
concerning the quality of the material and the construction 
imposed on them are widely varied. For instance, in ac- 
25 cordance with the standards provided by the Japanese 

Banker's Association and the American Banker's Association, 
credit cards and banking or cash cards should have a base 
sheet of vinyl chloride resin. Furthermore, it is generally 
well-known that from the view point of crime prevention, 
30 such care must be taken that the cards may not easily be 
forged or falsified and may not unjustly be used by any 
person other than the owner. These aims which are very 
desirable to prevent crime and other related aims are best 
achieved by, for example, reproducing a photograph of the 
35 owner's face and or a signature of the owner on the surface 
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of the base sheet of the card ana furthermore covering the 
reproduction with a protective sheet. However , in order to 
realize the above aims, it is necessary to first solve 
several technical problems. Examples of the problems to be 
5 solved are that the reproduced photograph or signature 
should be clear and fine and be easily discriminate and 
that the protective sheet should be firmly adhered to the 
base sheet. Furthermore, it will be understood, if the use 
of the card as an input medium to an input device of a 

10 computer is considered, that the card should not be 
deformed and the surface of the card must not lose its 
smoothness. However, in fact, it is very troublesome to 
form an image having a beautiful color and an excellent 
discrimination quality on the base sheet. For example, 

15 since cards of this type have different patterns to be 
reproduced on the card, it is difficult and expensive to 
attain a precise reproduction of the pattern? through a 
printing process. Furthermore, since the reproduction is 
interposed between the base sheet and the protective sheet, 

20 it is necessary to take care so that the bonding of these 
sheets will not be undesirably affected. 

It has long been effected in the formation of a 
person 1 s photograph and signature on the base sheet to 
reproduce photographically such a photograph and signature, 

25 and it has also been well-known that various radiation- 

-sensitive resins can be used for this object. One of the 
well-known radiation-sensitive resins includes diazo com- 
pounds. The diazo compounds are generally radiation- sensi- 
tive resins which are obtained by mixing a water-soluble 

30 colloidal material such as gelatin, polyvinyl alcohol, 

casein, emulsified polyvinyl acetate and the like, with the 
diazo compounds. A process for the production of cards 
using the above-mentioned radiation- sensitive resins com- 
prises coating a radiation- sensitive resin on a base sheet, 

35 and exposing it to actinic radiation through a transparent 
negative to water-insolubilize the radiation-sensitive 
resin in areas exposed to radiation, namely, the exposed 
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areas. Then, the radiation-sensitive resin in the un- 
exposed areas on the base sheet is removed through washing 
with water. Thereafter, a hardened image formed on the 
exposed areas is dyed. While this process can provide an 
5 image having any desired colour, it suffers from such a 
drawback that the dyes used in dyeing of the image tend to 
stain the base sheet. This well-known process for the 
production of the cards has further drawbacks that the 
radiation-sensitive resins used therein have a poor shelf 

10 stability (due to their reaction in the dark) and therefore, 
if they are used, they must be coated on the b^se sheet 
immediately before exposure to radiation. The drawbacks 
similar to those can be caused even if the diazo compounds 
are replaced with bicroraates or iron salts. 

15 It has been well-known that radiation-sensitive resins 

containing diazo compounds and couplers corresponding 
thereto are also useful in the preparation of tife cards. 
The well-known process for the production of car&s using 
the above radiation- sensitive resins comprises exposing a 

20 radiation-sensitive resin-containing coating formed on a 
base sheet to an actinic radiation through a transparent 
negative, and colour developing the exposed coating in an 
alkaline aqueous solution or gaseous ammonia. However, 
this process has drawbacks in that only, a few colours are 

25 usable in dyeing the images due to a limited combination of 
the diazo compounds and the couplers. Furthermore, this 
process involves undesired problems that the unexposed 
areas are also slightly coloured. 

As another process using diazo compounds, a radiation- 

30 sensitive resin comprising a blend of the diazo compounds 
and pigments is also well-known. Sheet structures having a 
coating of such a radiation-sensitive resin are disclosed, 
for example, in the U.S. Patent Application filed on 
November 26, 1958 (Assignee: Minnesota Mining and 

35 Manufacturing Company). The base sheet used in this U.S. 
application is a metal base sheet which is suitable as a 
printing master plate. However, even if the base sheet is 
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replaced with one composed of vinyl chloride resins, 
desirable results cannot be obtained. This is because, 
when a diazo-type radiationrsensitive resin is coated on 
the base sheet composed of vinyl chloride resins, some 
5 chemical modification can be caused on the surface portion 
of the base sheet. The chemical modification results in 
marrying the unexposed areas of the base sheet. Especially, 
when a pigment is contained in the radiation-sensitive 
resin, the pigment is adsorbed onto the base sheet prior to 

10 exposure to radiation. Therefore, even after the removal 
of the radiation-sensitive resin in the unexposed areas as 
a result of development, a stain on the base sheet due to 
the adsorbed pigment can not been removed and remains 
indelible. Apparently, this is because any organic solvent 

15 which will dissolve vinyl chloride resins, such as toluene, 
xylene, methyl ethyl ketone, cyclohexane, acetone, ethyl 
acetate and the like, must be used in the radiation-sensi- 
tive resin composition. The chemical modification in the 
surface of the base sheet results in, in addition to the 

20 marrying mentioned above, difficulties in adhering a pro- 
tective film to the surface of the base sheet through heat 
fusion. These drawbacks are very undesirable in the pro- 
duction of the cards, but the cause or causes have hot yet 
been clarified. 

25 it is also known to produce a coloured image on the 

base sheet using a silver salt emulsion. For example, this 
process is a dye transfer process developed by Eastman 
Kodak Company. According to this imaging process, a silver 
salt matrix film (Trade name: KODAK Dye Transfer Film) is 

30 firstly imagewise exposed with a tungsten lamp through a 
transparent negative. Then, the exposed film is developed 
with a developing solution to harden gelatin in the exposed 
areas of the film, and the unexposed areas of the film are 
washed off with warm water. Thereafter, the exposed areas 

35 are dyed with a dye, and the dyed image is transferred to a 
base sheet. Thus, a coloured image can be formed on the 
base sheet. However, the coloured image obtained through 
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the above imaging process has drawbacks in that, if in the 
subsequent processing steps a protective coating is formed 
on the base sheet or a protective sheet is laminated on the 
base sheet, the coloured image bleeds out. Further, the 
5 matrix film which was used in the transfer process must be 
discarded due to nonuse in the subsequent steps, and this 
means that the use of the matrix film is not economical. 
In addition to the above process, a process which comprises 
directly adhering a matrix film of the above-mentioned 

10 type, the unexposed areas of which can be washed off, to 

the base sheet is also proposed. According to this process, 
the exposed and developed matrix film can be blackened with 
a blackened silver bleaching solution containing as a main 
component potassium ferrocyanide and the like, and, after 

15- ..bleaching the film, the bleached portion of the film can be 
dyed to obtain a coloured image having any desired colour. 
Accordingly, the thus obtained film can be bonded to the 
base sheet by means of a special adhesive to form any 
desired coloured image on the base sheet. This process 

20 would be economical since the matrix film used herein also 
functions as the laminate film. However, the cards 
produced in accordance with this process are likely to 
undergo deformation or become crooked because the quality 
of the matrix film is different from^that of the base 

25 sheet. Furthermore, potassium ferrobyanide used in the 

bleaching step is likely to cause water pollution problems, 
. jsince the solution containing waste potassium ferrocyanide 
is decomposed by ultra violet radiations in sun light to 
form toxic cyanogen. 

30 Various radiation-sensitive resins are further well- 

known. For example, Japanese Patent Publication Gazette 
No. 45-022,085 discloses the radiation-sensitive resins 
containing polyazide vinyl benzoate, and those containing 
cinnamic acid esters and the like. However, most of these 

35 radiation-sensitive resins cannot be coated on the base 
sheet composed of vinyl chloride resins, since an organic 
solvent which may dissolve the base sheet is contained 
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either in the radiation-sensitive resins or in the develop- 
ing solution which is used in the subsequent processing. 

The inventors , aware of the above information f wade 
efforts to develop a suitable photopolymerizable radiation- 
5 sensitive resin composition for forming photographic 

images f which has not the drawbacks mentioned above. As a 
result of this, we found the following photopolymerizable 
radiation-sensitive resin compositions. 

(A) A photopolymerizable composition which is soluble 
10 in water or weak alkaline aqueous solution, the composition 

comprising different polymerizable polymers such as poly- 
mers of polyester type, polyacryl type, polyurethane type, 
polyamide type or cellulose type, those containing double 
bonds in its molecule, those having been modified and the 
15 like, a crosslinking agent (binding agent), and a photo- 
reaction initiator; 

(B) A photopolymerizable composition which comprises 
polymerizable monomers, a binding agent soluble in water or 
weak alkaline aqueous solution, and a photoreaction 

20 initiator, and; 

(C) A photopolymerizable composition which comprises 
polymerizable oligomers, a binding agent soluble in water or 
weak alkaline aqueous solution, and a photoreaction initiator . 

However, these polymerizable radiation- sensitive resin 
25 compositions can. not show a practically useful sensitivity 
without adding thereto a suitable photopolymerization 
initiator, since their photopolymerization proceeds slowly. 
In order to attain a practically useful photopolymerization 
rate, different photopolymerization initiators must be 
30 added to the composition, as its essential component, 
separately or in combination of two or three initiators 
depending upon the particular radiation-sensitive resin 
composition to be used. However, these photopolymerizable 
compositions cause a dark reaction under the influence of 
35 heat and the like, are gradually polymerized, and become 
insoluble in a solvent. In addition, such a reaction is 
generally further aaccelerated through the addition of the 
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photopolymerization initiator. Generally, for the purpose 
of inhibiting polymerization caused during keeping or 
producing under the influence of heat and the like, various 
polymerization inhibitors are added to the photopolymeri- 
5 zable compositions to improve their shelf stability. 
However, while the addition of suitable polymerization 
initiators is effective to improve the shelf stability of 
the photopolymerizable compositions, it also has drawbacks 
in that the photopolymerizability of the compositions is 

10 inhibited. Therefore, the amount of the polymerization 

initiators to be added is necessary to be remarkably small. 

The photopolymerizable compositions which can effect 
only a limited photopolymerization and show a low rate of 
hardening are not preferable as the composition for use in 

15 • t ^ le production of credit cards. This is because it is 

difficult to reproduce an image having excellent sharpness 
from compositions with a low hardening rate, since such 
compositions need a long exposure time to attain an image- 
wise exposure for imaging. In this connection, a method of 

20 shortening the exposure time, which comprises increasing 
the amount of radiation energy emitted from the exposure 
light source, is proposed. However, in practicing this 
method, we must allow for remarkable exothermic heat 
produced at the same time. For example, when a substrate 

25 such as a sheet of vinyl chloride is used, the heat from 
the light source will cause undesirable results such as a 
deformation and modification of the substrate and the like. 
DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a 
30 novel photopolymerizable radiation-sensitive resin com- 
position which can completely eliminate the above-discussed 
drawbacks of the prior radiation-sensitive resins. 

It is another object of the present invention to 
provide a photopolymerizable radiation- sensitive resin 
35 composition which does not contain an organic solvent 
capable of dissolving, particularly, vinyl chloride or 
vinyl chloride- vinyl acetate copolymeric resins. 
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Furthermore , it is another object of this invention to 
provide a photopolymerizable radiation-sensitive resin 
composition which is soluble in water or a highly diluted 
alkaline aqueous solution and in which the dissolved 
5 components can be easily recovered through neutralization. 

In addition it is another object of this invention to 
provide a photopolymerizable radiation-sensitive resin 
composition in which pigments may be freely incorporated 
depending upon the desired hue, 

10 In addition, it is another object of this invention to 

provide a photopolymerizable radiation-sensitive resin 
composition which is photopolymerized by ultraviolet^ 
radiation having wavelengths of from 2,500 to 4,200 A and 
is not photopolymerized by radiation having wavelengths of 

15 more than 4,200 A, and therefore which may be subjected to 
an exposure step under daylight conditions. 

In addition, it is another object of this invention to 
provide a photopolymerizable radiation-sensitive resin 
composition having a long-term shelf stability. 

20 A further object of the invention is to provide a 

radiation-sensitive sheet material having a water-soluble 
or weak alkali-soluble protective coating formed on a layer 
of radiation-sensitive material, in which the protective 
coating does not inhibit a photopolymerization of radiation- 

25 -sensitive resin, which is induced by actinic radiation 

irradiated onto the layer of radiation-sensitive material, 
and does not chemically bond with the photopolymerized 
resin during photopolymerization of the radiation-sensitive 
resin. 

30 According to the present invention, there is provided 

a photopolymerizable radiation-sensitive resin composition 
comprising a styrerie-maleic acid copolymeric resin as well 
as an ethylenically unsaturated compound and a photopoly- 
merization initiator. 

35 Also, according to the present invention, there is 

provided a radiation-sensitive sheet material comprising a 
support. and, at least, a layer of a radiation-sensitive 
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material coated on one side of the support, said layer of 
the radiation-sensitive material being a layer of a photo- 
polymerizable radiation- sensitive resin composition which 
comprises a styrene-maleic acid copolymer ic resin as well 
5 as an ethylenically unsaturated compound and a photopoly- 
merization initiator. . 

According to this invention, the sheet material having 
sensitivity can be obtained, and the surface of the obtained 
sheet material has an excellent abrasion resistance . When 

10 the sheet material is conventionally exposed to an actinic 
radiation and then washed with water or a weak alkaline 
aqueous solution, an overall protective coating formed on 
the sheet material and an unexposed radiation-sensitive 
material lying under the protective coating can be 

15 completely removed. Thus, only an image which is formed 
from the insoluble radiation- sensitive material existing 
within the exposed areas of the sheet material is sharply 
produced. While the surface of the support, which surface 
lies under the insoluble radiation-sensitive material, can 

20 be firmly bonded to said insoluble radiation-sensitive 

material, the other surface of the support is not changed 
and is as before. Therefore, it is possible to firmly bond 
a protective sheet to the support to protect the image 
formed on the support. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings will be briefly described. 
In these drawings: 

Figure 1 is a cross-sectional view of the 
radiation-sensitive sheet material according to the present 

30 invention, which comprises a layer of the photopolymerizable 
radiation-sensitive resin composition and a protective 
coating, 

Figure 2 is a cross-sectional view of the 
radiation-sensitive sheet material as is shown in Figure 1, 
35 which has been exposed to an actinic radiation, and 

Figure 3 is a cross-sectional view of the exposed 
sheet material as is shown in Figure 2, which has been 
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processed with a processing solution. 

BEST MODE FOR CARRYING ODT THE INVENTION 
The photopolymerizable radiation-sensitive resin 
compositions according to the present invention comprise 
5 polymers which are photopolymerizable and alkali-sol uble. 
As the polymers of this type, for example, novolak type 
phenol -formaldehyde resins, copolymers of acrylic or 
methacrylic acid, alkyd resins having a high acid value, 
shellac-acrylic acid copolymers, styrene-raaleic acid co- 

10 polymeric resins and the like are well-known. Among these 
polymers, particular styrene-raaleic acid copolymeric resins 
are selected and used in the present invention. The reason 
why the above particular polymers are used in the present 
invention is based on the following facts. Namely, while 

15 the styrene-maleic acid copolymeric resin is photopoly- 
merized by actinic radiation in the presence of a photo- 
polymerization initiator and, as a result of this, its 
inherent alkali-solubility is lost, the unpolymerized 
styrene-maleic acid copolymeric resin, when it has added 

20 thereto an unsaturated compound with a polymerizable 

ethylene bond, its alkali-solubility is increased greatly. 
Accordingly, the polymer having added thereto an unsaturated 
compound can be dissolved with alkali weaker than that used 
in dissolving the polymer, comprising only styrene-maleic 

25 acid copolymeric resin having no unsaturated compound added 
thereto, and the photopolymerization initiator. Although 
many similar experiments were repeated using other polymers, 
an alkali-solubility which was equivalent to or more than 
that of the above-mentioned styrene-maleic acid copolymeric 

30 resin could not be attained. 

Styrene-raaleic acid copolymeric resins which are 
copolymeric resins of styrene and maleic anhydride 
are widely used in many applications such as paints, 
sizing agents for textiles, aqueous printing inks and 

35 the like. These resins are commercially available, 

e.g., from Sinclair Petrochemicals, Inc. under the trade 
name: SMA Resin, from Monsanto Chemical Co. under the 
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trade name: LYTRON Resin, and from Daido Industrial Co., 
Ltd. under the trade name: Stylite, respectively. The 
styrene-maleic acid copolymeric resins generally have a 
molecular weight of from 700 to 50,000. The molecular 
5 weight varies depending upon various factors such as amounts 
of monomers used in the production of the copolymeric 
resins, reaction period of time, degree of esterification 
and the like. Furthermore, the acid value of these copoly- 
meric resins usually ranges from 130 to 500. The styrene- 

10 maleic acid copolymeric resins useful in embodying the 

present invention have a molecular weight of from 1,000 to 
2,000 and an acid value of from 130 to 220. Styrene-maleic 
acid copolymeric resins, which are partially esterified 
styrene-maleic anhydride resins and contain carboxyl groups 

15 yet remaining in the molecule, are particularly preferred. 

The following Table I illustrates the results which 
are obtained when the amount of an ethylenically unsaturated 
compound to be added to the styrene-maleic acid copolymeric 
resin is widely varied, it will be understood from this 

20 table that the alkali-solubility of the styrene-maleic acid 
copolymeric resin is more and more increased with the 
increase in the amount of the unsaturated compound added 
thereto. In the Table I below, all parts used herein are 
by weight, and alkali used herein is a 0.0005% solution of 

25 anhydrous sodium. carbonate. The thickness of the dried 
coating is 10 microns. 
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The ethylenically unsaturated compounds useful in the 
present invention are polymerizable compounds which contain 
one or more ethylenically unsaturated double bonds in one 
molecule thereof. The term "ethylenic compounds" , when 
5 used herein, is intended to mean the compounds (including 
monomers, prepolymers, dimers, trimers and other oligomers) 
which contain at least one ethylenically unsaturated double 
bond in their chemical structure. 

The ethylenic compound which is advantageously usable 
10 in embodying the present invention is a mixture of (A) one 
or more ethylenic compounds (with 'a terminal hydroxyl 
group) having a molecular weight of 150 or more and a 
boiling point, under normal pressure, of 100°C or more and 
containing at least one acryloyl or methacryloyl group, and 
(B) one or more ethylenic compounds having a molecular, 
weight of 150 or more and a boiling point, under normal 
pressure, of 100°C or more and containing at least one 
acryloyl or methacryloyl group. 

Examples of the above-mentioned ethylenic compounds 
(A) include, for example, polyester monoacrylate re- 
presented by the structural formula: 

CH 2 = C - COOCH 2 CHO0C COOCf^CHOH 



15 



20 



25 



30 



35 



where R is H or CH 3 , 2-hydroxyethyl methacrylate, 2- 
hydroxyethyl acrylate, 1,4-butylene glycol monoacrylate and 
the like. 

Examples of the above-mentioned ethylenic compounds 
(B) include, for example, polyethylene glycol diacrylate, 
1,3-butylene glycol diacrylate, 1,4-butylene glycol 
diacrylate, 1,6-hexane glycol diacrylate, neopentyl glycol 
diacrylate, 2,2-bis (4-acryloxy diethoxy phenyl) propane, 
2,2-bis (4-acryloxy propyloxy phenyl) propane, trimethylol 
propane triacrylate, tetramethylol methane triacrylate, 
ethylene glycol dime thacry late, polyethylene glycol dimeth- 
acrylate, 1,6-hexane glycol dime thacry late, polypropylene 
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glycol dime thacryl ate, 2,2-bis (4-methacryloxy ethoxy 
phenyl) propane, 2,2-bis (4-methacryloxy diethoxy phenyl) 
propane, trimethylol propane trimethacrylate, polyester 
acrylate oligomer, polyamide acrylate, epoxy acrylate, 
polyurethane acrylate, polyester monoacrylate represented 
by the structural formula: 



o 



CH 2 = C - COOCH 2 CH 2 OOC ^ ^COOH 

wherein R is B or CH 3 , and the like. 

Examples of the photopolymerization initiators usable 
in the present invention are, for example, one or more com- 
pounds selected from the group consisting of acyloin such 

15 

as benzoin and the like; acyloin derivatives such as benzoin 
methyl ether, benzoyl ethyl or isopropyl or benzoin isobutyl 
ether and the like; ketones such as benzophenone, aceto- 
phenone, methyl ethyl ketone, benzyl and the like; substi- 
tuted benzophenones such as Michler f s ketone, halogenated 
20 benzophenone and the like; aldehydes such as benzaldehyde, 
dimethyl amino benzaldehyde, 4-hydroxy-3-methoxy benzalde- 
hyde, naphthal-aldehyde, cinnamaldehyde and the like, and; 
substituted or unsubstituted polynuclear quinones such as 
xanthone , 3-chloroxanthone , 3 , 9-dichl or oxanthone , anthra- 
25 quinone, 1-chloroanthraquinone, 2-ethylanthraquinone, 
1,4-naphthoquinone and the like. 

In the radiation-sensitive resin compositions according 
to the present invention, various pigments may be optionally 
incorporated therein depending upon the desired hue. As 
30 typical examples of useful pigments, for example, the 

following compounds can be mentioned. However, the present 
invention should not be restricted to these compounds: 
Yellow pigments: 

Benzidine yellow, hansa yellow, chrome 
35 yellow and the like 

Red pigments: 

Brilliant carmine, permanent reds, lithol 
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rubine, watchung red and the like 
Blue pigments: 

Phthalocyanine blue, alkali blue and the 

like 

5 Black pigments; 

Carbon black, iron black and the like. 
In addition to these pigments, finely divided silicic 
acid may be used as a filler or a viscosity modifier. 
The photopolymerizable radiation-sensitive resin 

10 composition in accordance with the invention comprises a 
styrene-maleic acid copolymeric resin as an alkali-soluble 
polymer as well as 10 through 60% by weight, based on the 
weight of said copolymeric resin, of ethylenically un- 
saturated compound and 1 through 10% by weight, based on 

15: the total weight of the copolymeric resin and the ethyl- 
enically unsaturated compound, of the photopolymerization 
initiator. With regard to the ethylenically unsaturated 
compound, it is further added that a ratio, of percentage 
by weight, of the compound (A) having a molecular weight of 

20 150 or more, a boiling point, under normal pressure, of 

100°C or more, at least one acryloyl or methacryloyl group, 
and a terminal hydroxyl group to the compound (B) having a 
molecular weight of 150 or more, a boiling point, under 
normal pressure, of 100°C or more, a^d at least one acryloyl 

25 or methacryloyl group is 40 through 60%. If the above 
ethylenic compound (B) is used in an amount which is less 
than the lower limit of the above range, drawbacks such as 
delay of photopolymerization and the like will be caused. 
On the other hand, if the ethylenic compound (B) is used in 

30 an amount more than the upper limit -of the above range, 
drawbacks such as insufficient adhesion of the photocured 
coating to vinyl chloride and the like will result. 

In the photopolymerizable radiation-sensitive resin 
composition of the present invention, it is preferred that 

35 benzyl and dimethyl amino benzaldehyde are selected as the 
photopolymerization initiator among the above-listed photo- 
polymerization initiators, and they are optionally combined 
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and used so that a ratio f of percentage by weight, of 
dimethyl amino benzaldehyde to benzyl is within the range 
of from 10 to 90% . The use of a combination of the photo- 
polymerization initiators is preferred due to the following 
5 reasons. Namely, in the composition comprising the above- 
discussed styrene-maleic acid copolymeric resin having 
incorporated therein the ethyl enic compound, the resulting 
rate of photopolymerization is remarkably slow and therefore 
a practically effective sensitivity can not be obtained if 

10 each of benzyl and dimethyl amino benzaldehyde is added 
separately to the composition, while a very fast rate of 
photopolymerization can be attained if benzyl and dimethyl 
amino benzaldehyde are used in combination and furthermore 
if they are combined at a specific ratio. In addition, it 

15 was found that, although the reasons have not yet been 
completely grasped, the radiation-sensitive resin com- 
position of the present invention can be kept stably for a 
remarkably long duration without adding any shelf stabilizer 
such as a thermal polymerization inhibitor and the like, if 

20 a combination of benzyl and dimethyl amino benzaldehyde is 
used as the photopolymerization initiator- Though similar 
comparison was tried using other combinations of the photo- 
polymerization initiators, notably excellent results , which 
were obtained when benzyl and dimethyl amino benzaldehyde 

25 were used in combination, could not be attained. 

In the photopolymerizable radiation-sensitive resin 
composition in accordance with the present invention, if 
any pigment is added to the composition, it may be added 
thereto in an amount of 1 through 50 parts by weight based 

30 on the weight of the composition, and if any thermal poly- 
merization inhibitor is added to the composition, it may be 
added thereto in an amount of 0.01 through 2% by weight 
based on the weight of the composition. 

The photopolymerizable radiation- sensitive resin com- 

35 positions in accordance with the present invention will 
be further described with reference to the following 
examples. While the examples mentioned below illustrate 
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the radiation-sensitive resin compositions which are 
suitable in the production of cards, it should be 
appreciated that these examples illustrate only one example 
of the present invention and they do not restrict the 
applications of the present invention and the compositions 
or proportions of the ingredients of the present invention. 
The "parts" used in the examples is intended to mean "parts 
by weight" unless otherwise stated. 

Example 1-1 

First group: 

Styrene-maleic acid copolymeric 22 parts 
resin 

Ethylene glycol monoethyl ether 20 parts 
Second group: 

Carbon black 3.5 parts 

Phthalocyanine blue o.5 parts 

Third group: 

2-hydroxy ethyl acrylate 7 parts 

Trimethylol propane triacrylate 9 parts 

Benzyl 1.6 parts 

Dimethyl amino benzaldehyde 0.4 parts 

Ethanol 36 par ts 

Firstly, the substances of the above-mentioned first 
group are added to a vessel equipped with a reflux 
condenser, and are dissolved while stirring at a temperature 
of 80 to 90°C. Heating is stopped after the substances 
added to the vessel are completely dissolved. Thereafter 
the solution is allowed to cool to room temperature while 
stirring. The resulting solution is transferred to a 
porcelain or stainless steel ball mill, wherein it is 
milled with the substances of the above-mentioned second 
group for a period of about 24 hours. Thereafter, the 
resulting mixture is transferred to a vessel equipped with 
a mixer or stirrer and the like, to which the substances of 
the above-mentioned third group are added. Stirring is 
continued for a period of about 2 hours. A black-coloured 
radiation-sensitive resin composition can be obtained. 
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Example 1-2 
First group: 

Styrene-maleic acid copolymeric 22 parts 

resin 

2-hydroxy ethyl acrylate 9 parts 

Second group: 

2,2-bis (4-acryloxy diethoxy 7 parts 

phenyl) propane 

Benzyl 1 - e parts 

Dimethyl amino benzaldehyde 0.4 parts 

Third group: , 

Carbon black 3.5 parts 

Phthalocyanine Blue 0.5 parts 

Ethylene glycol monoethyl ether 36 parts 

Ethanol 20 parts 

First, the substances of the above-mentioned first 
group are added to a vessel equipped with a reflux 
condenser, and, while bubbling with air, are dissolved 
while stirring at a temperature of 130 to 140°. Heating is 
stopped after the substances added to the vessel are 
completely dissolved. The solution is cooled to a temper- 
ature of about 90 °C while stirring and bubbling with air 
are further continued. Subsequently, the substances of the 
above-mentioned second group are added, and are stirred for 
about one hour. Thereafter, the resulting solution is 
transferred to a porcelain or stainless steel ball mill, to 
which the substances of the above-mentioned third group are 
then added and milled for a period of about 24 hours. A 
black-coloured radiation-sensitive resin composition can be 
obtained . 

Example 1-3 
First group: 

Styrene-maleic acid copolymeric 22 parts 

resin 

Polyester monooligoacrylate having 9 parts 

a terminal - OH group (Allonix 
M5700 commercially available from 
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Toagosei Chemical Industry Co., Ltd.) 
Second group: 

Epoxy acrylate (Lipoxy VR80 7 parts 

commercial ly available from 
5 Showa Koubunshi Kogyo Kabushiki 

Kaisha) 

Benzyl 1.6 parts 

Dimethyl amino benzaldehyde 0.4 parts 

Third group: 

10 Carbon black 3.5 parts 

Phthalocyanine Blue 0.5 parts 

Ethylene glycol monoethyl ether 36 parts 

Ethanol 20 parts 

A radiation-sensitive resin composition is prepared in 
15 accordance with the procedure similar to that as described 
in Example 1-2. 
Example 1-4 
First group: 

Styrene-maleic acid copolymeric 22 parts 

20 resin 

2-hydroxy ethyl acrylate 9 parts 

Second group: 

Polyester monooligoacrylate having 7 parts 

a terminal - COOH group (Allonix 
25 M 8060. commercially available from 

Toagosei Chemical Industry Co., Ltd.) 

Benzyl 1.6 parts 

Dimethyl amino benzaldehyde 0.4 parts 

Third group: 

30 Carbon black 3.5 parts 

Phthalocyanine Blue 0.5 parts 

Ethylene glycol monoethyl ether 36 parts 

Ethanol 20 parts 

A radiation-sensitive resin composition is prepared in 
35 accordance with the procedure similar to that as described 
in Example 1-2. 
Example 1-5 
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First group: 

Styrene-maleic acid copolymeric resin 22 parts 
Polyester roonooligoacrylate having 16 parts 

a terminal - OH group 
5 Second group: 

Benzyl 1.6 parts 

Dimethyl amino benzaldehyde 0-4 parts 

Third group: 

Carbon black 2.5 parts 

10 Phthalocyanine Blue 0.5 parts 

Ethylene glycol monoethyl ether 36 parts 

Ethanol 20 parts 

A radiation-sensitive resin composition is prepared in 
accordance with the procedure similar to that as described 
15 in Example 1-2. 

Example 1-6 
First group: 

Styrene-maleic acid copolymeric resin 22 parts 
Ethylene glycol monoethyl ether 20 parts 

20 Second group: 

Carbon black 3.5 parts 

Phthalocyanine Blue 0.5 parts 

Third group; 

Pol yure thane aery late 16 parts 

25 (Dbitan 788 commercially available 

from Thiokol Chemical Corp.) 

Benzyl 1.6 parts 

Dimethyl amino benzaldehyde 6.4 parts 

Ethanol 36 P^ ts 

30 A radiation-sensitive resin composition is prepared in 

accordance with the procedure similar to that described in 
Example 1-1. 

Example 1-7 
First group: 

35 Styrene-maleic acid copolymeric resin 22 parts 

2,2-bis (4-acryloxy diethoxy 16 parts 

phenyl ) 
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Ethylene glycol monethyl ether 10 parts 

Second group: 

Benzyl 1.6 parts 

Dimethyl amino benzaldehyde 0.4 parts 

Third group: 

Carbon black 3.5 parts 

Phthalocyanine Blue 0.5 parts 

Ethylene glycol monoethyl ether 26 parts 

Ethanol 20 parts 

A radiation-sensitive resin composition is prepared in 
accordance with the procedure similar to that as described 
in Example 1-2. 
Example 1-8 

The procedure as described in Example 1-1 is repeated 
15 except that 2 parts of benzoin isopropyl alcohol is used in 
place of benzyl and dimethyl amino benzaldehyde in 
Example 1-1. 

Example 1-9 

The procedure as described in Example 1-3 is repeated 
20 except that 2 parts of benzoin isopropyl alcohol is used in 
place of benzyl and dimethyl amino benzaldehyde in 
Example 1-3. 

Example 1-10 

The procedure as described in Example 1-3 is repeated 
25 except that 2 parts of benzyl is separately used in place 
of benzyl and dimethyl amino benzaldehyde in Example 1-3. 

The novel photopolymerizable radiation-sensitive resin 
composition according to the present invention will be 
generally usable after it is coated on a support. This is 
30 because the resulting coating is effective as a stable 
layer of radiation- sensitive material since its exposed 
areas are immediately insolubilized after exposure to 
raditaion. Furthermore, it will be understood that the 
support to be laid under the layer of radiation-sensitive 
35 material may be made of vinyl chloride resins, since one or 
more solvents which cannot dissolve vinyl chloride or vinyl 
chloride-vinyl acetate copolymer ic resins can be optionally 
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selected from the group consisting of alcohols, polyhydric 
alcohols and derivatives thereof as the solvent for use in 
the production of the radiation-sensitive resin composition 
according to the present invention. However, the materials 
5 of the support useful in the present invention also include , 
for example, paper, metals and the other conventional 
support material s. While the present invention has been 
described with respect to the application of its radiation- 
-sensitive resin compositions in the production of cards, 

10 it should be appreciated that the radiation-sensitive resin 
compositions of the present application are also applicable 
to other technical fields in which known radiation-sensitive 
resin compositions are used. 

The sheet material to which sensitivity is induced by 

15 the radiation- sensitive resin composition according to the 
present invention is illustrated in Figure 1 of the accom- 
panying drawings. Figure 1 is a cross-sectional view of a 
support 10 having coated thereon a layer 11 of a soluble 
radiation-sensitive material. The radiation-sensitive resin 

20 composition which forms the layer 11 of the radiation-sensi- 
tive material has been already explained in detail. Gen- 
erally, the layer 11 additionally contains a pigment. A 
protective coating 12 may be coated over the layer 11 of 
the radiation-sensitive material, as is the case with 

25 conventional photographic films. The protective coating 12 
should be soluble in water or soluble in weak alkali, since 
the coating 12 is desirably removed with solvents for 
processing the layer 11. In this connection, it is 
necessary to take care to avoid such undesirable situations 

30 that the protective coating 12 will react with the layer 11 
of the radiation-sensitive material and will become in- 
soluble during storage. 

The materials of the protective coating 12 which 
satisfy the above-mentioned requirements are, principally, 

35 water-soluble resins or alkali-soluble resins. 

While it is well-known that the water-soluble resins 
include, for example, hydroxy ethyl cellulose, polyethylene 
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oxide, carboxymethylcellulose, polyvinyl alcohol and the 
like, it is particularly preferred that polyvinyl alcohol 
is used in embodying the present invention* Preferred 
polyvinyl alcohol is a partially saponified polyvinyl 
5 alcohol which has a degree of polymerization of from 1,000 
to 1,500 and a degree of saponification of 80% of less. In 
the preparation of a protective coating-forming composition 
containing such water-soluble resin, the resulting composi- 
tion generally contains 5 through 20% by weight, based on 
10 the weight of distilled water used as a solvent, of 

water-soluble resin, and further contains 0.5 through 5% by 
weight, based on the weight of the resultant solution, of a 
non-ionic surfactant or saponin. The non-ionic surfactant 
or saponin serves to prevent repel lency between the layer 11 
15 of the radiation-sensitive material and the protective 
coating 12 and to increase interfacial affinity there- 
between, and, in addition to this, to improve the spread- 
ability of the protective coating-forming composition 
during its application to form the coating 12. In some 
20 cases, the protective coating-forming composition may 
further contain 5 through 10% by weight, based on its 
weight, of finely divided silicic anhydride as a filler. 
Furthermore, in order to prevent focusing of the actinic 
radiation at the time of exposure, a pigment may be in- 
25 corporated into .the protective coating-forming composition. 
The pigment used herein is in an amount of 10 through 20% 
by weight, based on the weight of the solid water-soluble 
resin. Useful pigment is a water-dispersible pigment and 
is, for example, commercially available from Dainippon 
30 ink & Chemicals, Inc. under the trade name: RIYU-DYE. 

Furthermore, a defoaming agent such as tributyl phosphate 
and the like is frequently used during the preparation of 
the protective coating-forming composition of the 
above-mentioned type. However, such a defoaming agent is 
35 not related to the composition of the protective coating 
itself. 

The alkali-soluble resins have been already explained 
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in connection with the explanation of the radiation-sensi- 
tive resin composition. Examples of these resins Include 
novolak type phenol -formaldehyde resins, copolymers of 
acrylic or methacrylic acid, alkyd resins having a high 
acid value r styrene-maleic acid copolymeric resins or its 
partially esterified resins, alkali salts of styrene-maleic 
acid copolymeric resins and the like. In order to embody 
the present invention, it is particularly preferred that 
the partially esterified products or alkali salts of 
styrene-maleic acid copolymeric resins are used as the 
alkali soluble resins. The above-mentioned alkali salts 
are commercially available from Monsanto Chemical Co., 
U.S.A. , tinder the trade name: Stymer S Resin. Generally, 
in the preparation of a protective coating-forming com- 
position containing the above alkali-soluble resin, 5 
through 20% by weight, based on the weight of the solvent 
used, such as ethanol, ethylene glycol monoethyl ether 
acetate and the like, of the alkali-soluble resin is in- 
corporated into the composition. Furthermore, if desired, 
finely divided silicic anhydride as a filler and a pigment 
as a focusing inhibitor may be incorporated into the com- 
position, respectively, as is the case with the above-dis- 
cussed protective coating-forming composition which contains 
a water-soluble resin. 

The preparations of each of the above-mentioned water- 
soluble protective coating- forming compositions and alkali- 
-soluble protective coating-forming compositions will be 
further described with reference to their typical examples. 
Example 2-1 

Polyvinyl alcohol 5 parts 

Distilled water 100 parts 

Non-ionic surfactant 1 part 

Finely divided silicic anhydride 5 parts 
Water-dispersible red pigment 0.5 parts 

First, the distilled water and polyvinyl alcohol are 
added to a vessel equipped with a water bath or a steam 
heater, and heated to a temperature of 90 °C while stirring. 
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The finely divided silicic anhydride is added during 
heating, and the same temperature is maintained for a 
period of about 2 hours. The thus obtained complete 
solution is then cooled to a temperature of 40°C, and the 
5 red pigment and the non-ionic surfactant are added while 
cooling. A water-soluble protective coating-forming 
composition can be obtained. 
Example 2-2 

Sodium salt of partially 
10 esterified styrene-maleic 10 parts 

acid copolymeric resin 
Purified water 20 parts 

Ethanol 45 parts 

Plasticizer 5 parts 

t 15 Ethylene glycol monoethyl 2 q parts 

ether acetate 

These substances are mixed, by stirring, in a vessel 
equipped with a reflux condenser at a temperature of 50 
through 70°C. An alkali-soluble protective coating-forming 

20 composition can be obtained. 

Generally, the radiation-sensitive sheet material in 
accordance with the present invention, as has been already 
described, has the structure illustrated in Figure 1. For 
the purpose of producing such a radiation-sensitive sheet 

25 material, the following procedure can be used, for example. 
Namely, a surface of the support 10 is coated with a 
radiation-sensitive resin composition prepared in any one 
of Examples 1-1 through 1-10. Then, the coated support 10 
is placed in a stream of warm air at a temperature of about 

30 40 °C to evaporate the solvent contained in the coating of 
the radiation-sensitive resin composition. As a result of 
this, a layer 11 of radiation-sensitive material is formed 
on the support 10. Subsequently, a protective coating-form- 
ing composition such as prepared in either Example 2-1 or 

35 2-2 is coated on the layer 11 of the radiation-sensitive 
material. Thereafter, the resulting coating is completely 
dried in a stream of warm air at a temperature of about 40 
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through 50°C f whereby a radiation-sensitive sheet material 
having a protective coating 12 as a topcoat is obtained. 
For example , if it is intended to produce the radiation-sen- 
sitive sheet material which is useful in the production of 
5 cards, a transparent sheet of a rigid vinyl chloride having 
a thickness of 0.08 through 0.1 mm should be preferably 
used, and, in addition to this, the thicknesses of the 
layer 11 of the radiation- sensitive material and the pro- 
tective coating 12 should be desirably about 4 microns and 

10 about 5 microns, respectively* 

In the practical production of the radiation-sensitive 
sheet material, it is possible to use a web of support, and 
to continuously coat on the surface thereof a coating 
composition. The coated web is suitably cut into sheets of 

15 a standard size, packaged under light shielding conditions, 
and supplied to the user. The user can open a package of 
the sheet at the time of use. 

In Figure 2, a cross-sectional view of the radiation- 
-sensitive sheet material which has been exposed to actinic 

20 radiation through a transparent negative is illustrated. 

The actinic radiation passes through a transparent negative 
during exposure, and reaches exposed areas 11a in the 
layer 11 of the radiation-sensitive material of the shown 
sheet material. In this case, the protective coating 12 

25 formed on the layer 11 of the radiation-sensitive material 
does not prevent the transmission of the actinic radiation 
therethrough. If the support 10 is composeid of a trans- 
parent material , the actinic radiation may be irradiated 
from the reverse side of the support 10 through the trans- 

30 parent negative, as is well-known in the art. The exposed 
areas 11a in the layer 11 of the radiation-sensitive 
material become insoluble as a result of photoreaction, and 
adhere to the surface of the underlying support 10* The 
radiation-sensitive material in the unexposed areas lib 

35 remains unreacted, and therefore its solubility inherent in 
the radiation-sensitive material is maintained without 
change. Exposure can be carried out in accordance with the 
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manner well-known in the art. For example, any light 
source capable of richly emitting ultraviolet radiation of 

o 

from 2,500 to 4,200 A, such as a three-phase arc lamp, a 
super-high pressure mercury vapor lamp, a chemical lamp, a 
5 metal halide lamp and the like, can be used as the exposure 
light source. 

Figure 3 illustrates the condition of the sheet 
material as shown in Figure 2, after it has been immersed 
in a developing solution. After the sheet material is 

10 processed with the developing solution, the protective 

coating 12 existing thereon is completely removed, whereby 
only the image formed from the radiation-sensitive material 
in the exposed areas 11a remains. The radiation-sensitive 
material in the unexposed areas lib is completely washed 

15 off as a result of development and therefore the surface of 
the underlying support 10 is again exposed. The remaining 
image coincides with the exposed areas 11a and has a counter 
which is clearly distinct from the surface, in the unimaged 
areas, of the support 10. In addition, the image has a 

20 vivid colour provided by the pigment. A processing solution 
used in the development is weakly alkaline. A solution 
suitable for the above object is, for example, a mixture 
consisting of 50 parts of anhydrous sodium carbonate, 5 
parts of a surfactant and 10,000 parts of water. 

25 The following examples illustrate the results obtained 

when the radiation-sensitive sheet material according to 
the present invention is used practically. However, it 
should be appreciated that the present invention is not 
limited to these examples. 

30 Example 3-1 

Each of the radiation-sensitive resin compositions as 
described in Examples 1-1 through 1-10 was separately coated 
on transparent, rigid vinyl chloride sheet having a thick- 
ness of 0.1 mm by means of a roll coater so that the thick- 

35 ness of the dried coating was 4 microns. Further, the 

composition as described in Example 2-1 was coated thereon 
to form a protective coating having a dry thickness of 
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5 microns- A radiation-sensitive sheet material was 
obtained. The resulting sheet material was placed in a 
vacuum printing frame, being registered with a step wedge 
having 21 optical photographic densities , and a negative 
5 film with transparent dotted images. The layer of the 
radiation- sensitive material was subjected to an exposure 
step by means of a 3 lew metal halide lamp, which was 
located 80 cm away from the radiation-sensitive sheet 
material, from the reverse side of the sheet material 

10 through the step wedge and the negative film, and then 

processed with the processing solution as described above. 
The processed sheet material was tested with regard to its 
sensitivity, developability, dot reproducibility, adher- 
ability to vinyl chloride film, and coating strength. The 

15 results shown in the following Table II were obtained. 

Furthermore, when the unprocessed radiation-sensitive sheet 
material was tested with regard to its shelf 'stability, the 
results, also shown in the following Table II, were 
obtained. 
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As to the symbols in fable II 

1. Each of the sensitivities described in the table 
refers to time (seconds) which was necessary to completely 
cure the sheet material corresponding to the first four 

5 steps of the 21 steps in the step wedge. 

2. Developability: 

® A vivid image is formed within 30 seconds^ 
and there is no residue in unexposed areas 
on the support. 

10 O A vivid image is formed within 60 seconds,, 

and there is no residue in unexposed areas 
on the support. 
A. A part of the composition remains on the 
support , and fogging is caused in spite of 

15 - - development for more- than-60 seconds; ~ ~- : 

3. Dot Reproducibility: 

® 5% of the dots of the corresponding halftone 

negative are correctly reproduced. 
Ol0% of the dots of the corresponding halftone 
20 negative are correctly reproduced. 

A. Reproducible dots are at most 25% of the 
dots of the corresponding halftone negative. 

4. Adherability: (According to peeling test) 

©Adhesion of 100/100 
25 0 Mhesio * of 10/100 - 

^ Adhesion of 0/100 

5. Coating Strength: . ~ ~ r 

© Coating is not peeled off after rubbing 
50 times using a cotton ball moistened with 
30 ethanpl . 

O Coating is slightly peeled off after rubbing 
50 times using a cotton ball moistened with 
ethanol. 

Acoating is completely peeled off after 
35 rubbing 50 times using a cotton ball 

moistened with ethanol. 

6. Shelf Stability: 
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Storageable duration at room temperature. 
Example 3-2 

The procedure similar to that as described in 
Example 3-1 was repeated except that the composition as 
described in Example 2-2 was used in place of the com- 
position of Example 2-1 used in Example 3-1. Results 
similar to those described in the above Table II were 
obtained . 
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CLAIMS 

1. A photopolymeri2able radiation-sensitive resin 
composition comprising a styrene-maleic acid copolymeric 
resin as well as an ethyl enically unsaturated compound and 
a photopolymerizatipn initiator. 
5 2. A composition as defined in Claim 1 wherein said 

styrene-maleic acid copolymeric resin has a molecular 
weight of 1,000 through 2,000 and an acid value of 130 
through 220* 

3. A composition as defined in Claim 2 wherein said 
10 styrene-maleic acid copolymeric resin is a partially 

esterified styrene-maleic anhydride resin which contains 
remaining carboxyl groups in its molecule. 

4. A composition as defined in claim 1 wherein said 
ethyl enically unsaturated compound has one or more ehtylene 

15 groups* 

5. A composition as defined in Claim 4 wherein said 
ethylenically unsaturated compound has a molecular weight 
of 150 or more and a boiling point, under normal pressure, 
of 100*C or more. 

20 6. A composition as defined in Claim 1 wherein said 

ethylenically unsaturated compound is a mixture of one or 
more ethylenic compounds with at least one acryloyl or 
methacryloyl group and a terminal hydroxyl group selected 
from the group consisting of polyester monoacrylate, 

25 2-hydroxyethyl acrylate and 1,4-butylene glycol mono- 
acrylate, and one or more ethylenic compounds with at least 
one acryloyl or methacryloyl group selected from the group 
consisting of polyethylene glycol diacrylate, 1,3-butylene 
glycol diacrylate, 1,4-butylene glycol diacrylate, 

30 1,6-hexane glycol diacrylate, neopentyl glycol diacrylate, 

2,2-bis(4-acryloxy diethoxy phenyl) propane, 2,2-bis(4-acryl- 
oxy propyloxy phenyl Jpropane, trimethylol propane tri- 
acrylate, tetramethylol methane triacrylate, ethylene 
glycol diraethacrylate, polyethylene glycol dime thacry late, 

35 l f 6-hexane glycol dimethacrylate, polypropylene glycol di- 
raethacrylate, 2,2-bis{4-raethacryloxy ethoxy phenyl ) propane , 
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2,2-bis(4-methacryloxy diethoxy phenyl ) propane, trimethylol 
propane trimethacrylate, polyester acrylate oligomer, 
polyamide acrylate, epoxy acrylate, polyurethane acrylate 
and polyester monoacrylate. 
5 7. A composition as defined in Claim 1 wherein said 

photopolymerization initiator is one or more compounds 
selected from the group consisting of acyloin, acyloin 
derivatives, ketones, substituted benzophenones, aldehydes 
and substituted or unsubstituted polynuclear quinones. 

1° 8. A composition as defined in Claim 1, which 

further comprises a pigment. 

9. A composition as defined in Claim 1, which 
comprises said styrene-maleic acid copolymeric resin as 
well as 10 through 60% by weight, based on the weight of 

15 said copolymeric resin, of said ethylenically unsaturated 
compound and 1 through 10% by weight, based on the total 
weight of said copolymeric resin and said ethylenically 
unsaturated compound, of said photopolymerization initiator. 

10. A composition as defined in Claim 9 wherein a 

20 ratio, of percentage by weight, of said ethylenic compound 
with at least one acryloyl or methacryloyl group having a 
terminal hydroxyl group to that having no terminal hydroxyl 
group is 40 through 60%. 

11. A composition as defined in Claim 9 r which 

25 further comprises 1 through 50 parts by weight, based on 
100 parts by weight of the composition, of said pigment. 

12. A radiation-sensitive sheet material comprising a 
support and, at least, a layer of a radiation-sensitive 
material coated on one side of the support, said layer of 

30 the radiation-sensitive material being a layer of a photo- 
polymerizable radiation-sensitive resin composition which 
comprises a styrene-maleic acid copolymeric resin as well 
as an ethylenically unsaturated compound and a photopoly- 
merization initiator. 

35 13. A sheet material as defined in Claim 12 wherein 

said photopolymerizable radiation-sensitive resin com- 
position further comprises a pigment. 
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14. A sheet material as defined in Claim 12 wherein a 
protective coating is further coated over said layer of the 
radiation-sensitive material. 

15. A sheet material as defined in Claim 14 wherein 
5 said protective coating comprises a water-soluble resin* 

16. A sheet material as defined in Claim 15 wherein 
said water-soluble resin comprises polyvinyl alcohol. 

17. A sheet material as defined in Claim 16 wherein 
said polyvinyl alcohol is a partially saponified product of 

10 polyvinyl alcohol and has a degree of polymerization of 
1,000 through 1,500 and a degree of saponification of 80% 
or less. 

18. A sheet material as defined in Claim 15 wherein 
said protective coating further comprises a nonionic 

15 surfactant or saponin. 

19. A sheet material as defined in Claim 14 wherein 
said protective coating comprises an alkali-soluble resin. 

20. A sheet material as defined in Claim 19 wherein 
said alkali-soluble resin is selected from the group con- 

20 sisting of a styrene-maleic acid copolymeric resin, a 

partially esterified styrene-maleic acid copolymeric resin 
and an alkali salt of the styrene-maleic acid copolymeric 
resin. 
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CLAIMS 

1. (Amended) A photopolymerizable radiation-sensi- 
tive resin composition comprising a styrene-maleic acid 
copolymer ic resin, and, 

a combination of an ethylenically unsaturated 
compound which is a mixture of the following compounds (A) 
and (B) : 

(A) one or more ethylenic compounds having 
a molecular weight of 150 or more, a boiling point, under 
normal pressure, of 1G0°C or more, at least one acryloyl or 
methacryloyl group, and a terminal hydroxyl group, and; 

(B) one or more ethylenic compounds having 
a molecular weight of 150 or more, a boiling point , under 
normal pressure, of 100°C or more, and at least one acryloyl 
or methacryloyl group; 

and a photopolymerization initiator which 
comprises benzyl and dimethyl amino benzaldehyde. 

2. A composition as defined in Claim 1 wherein said 
styrene-maleic acid copolymeric resin has a molecular 
weight of 1,000 through 2,000 and an acid value of 130 
through 220. 

3. A composition as defined in Claim 2 wherein said 
styrene-maleic acid copolymeric resin is a partially 
esterified styrene-maleic anhydride resin which contains 
the remaining carboxyl group in its molecule. 

4. (Deleted) 
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6„ A composition as defined in Claim I wherein said 
ethylenically unsaturated compound is a mixture of one or 
more ethylenic compounds with at least one acryloyl or 
methacryloyl group and a terminal hydroxyl group selected 
from the group consisting of polyester mondacrylate, 
2-hydroxyethyl acrylate and 1,4-butylene glycol mono- 
acrylate, and onie or more ethylenic compounds with at least 
one acryloyl or methacrylbyl group selected from the group 
consisting of polyethylene glycol diacrylate, 1,3-butylene 
glycol diacrylate, 1,4-butylene glycol diacrylate, 
1,6-hexane glycol diacrylate, neopentyl glycol diacrylate, 
2,2-bis(4~acryloxy diethoxy phenyl) propane, 2,2-bis(4- 
acryloxy propyloxy phenyl) propane, trimethylol propane 
triacrylate, tetramethylol methane triacrylate, ethylene 
glycol dime thacry late, polyethylene glycol dimethacrylate, 
1,6-hexane glycol dimethacrylate, polypropylene glycol 
dimethacrylate, 2 , 2-bis ( 4-raethacryloxy ethoxy phenyl) 
propane, 2,2-bis{4-methacryloxy diethoxy phenyl) propane, 
trimethylol propane tr imethacrylate , polyester acrylate 
oligomer, polyamide acrylate, epoxy acrylate, polyurethane 
acrylate and polyester monoacry late. 

. ' ■ / . ■ • 

7. (Deleted) 

8. A composition as defined in Claim 1, which 
further comprises a pigment. . 

9. A composition as defined in Claim 1, which 
comprises said styrene-maleic acid copolymeric resin as 
well as 10 through 60% by weight, based on the weight of 
said copolymeric resin, of said ethylenically unsaturated 
compound and 1 through 10% by weight, based on the total 
weight of said copolymeric resin and said ethylenically 
unsaturated compound, of said photopolymerization initiator. 

10. A composition as defined in Claim 9 wherein a 
ratio, of percentage* by weight, of said ethylenic compound 



0035574 

with at least one acryloyl or methacryloyl group having a 
terminal hydroxyl group to that having no terminal hydroxyl 
group is 40 through 60%. 

11. A composition as defined in Claim 9, which 
further comprises 1 through 50 parts by weight, based on 
100 parts by weight of the composition, of said pigment. 

12. (Amended) A radiation-sensitive sheet material 
comprising a support and a layer of a radiation-sensitive 
material coated on at least one side of the support, said 
layer of the radiation-sensitive material being a layer of 
a photopolymerizable radiation-sensitive resin composition 
which comprises a styrene-maleic acid copolymeric resin, 
and, 

a combination of an ethylenically 
unsaturated compound which is a mixture of the following 
compounds (A) and (B) : 

(A) one or more ethylenic compounds having a 
molecular weight of 150 or move, a boiling point, under 
normal pressure, of 100°C or more, at least one acryloyl or 
methacryloyl group, and a terminal hydroxyl group, and; 

(B) one or more ethylenic compounds having a 
molecular weight of 150 or more, a boiling point, under 
normal pressure, of 100°C or more, and at least one 
acryloyl or methacryloyl group; 

and a photopolymerization initiator which 
comprises benzyl and dimethyl amino benzaldehyde. 

13. A sheet material as defined in Claim 12 wherein 
said photopolymerizable radiation-sensitive resin com- 
position further comprises a pigment. 
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14. A sheet material as defined in Claim 12 wherein a 
protective coating is further coated over said layer of the 
radiation-sensitive material. 

15. A sheet material as defined in Claim 14 wherein 
said protective coating comprises a water-soluble resin. 

16. A sheet material as defined in Claim 15 wherein 
said water-soluble resin comprises polyvinyl alcohol. 

t 

17. A sheet material as defined in Claim 16 wherein 
said polyvinyl alcohol is a partially saponified product of 
polyvinyl alcohol and has a degree of polymerization of 
1,000 through 1/500 and a degree of saponification of 

80% or less. 

18. (Deleted) 

19. A sheet material as defined in Claim 14 wherein 
said protective coating comprises an alkali-soluble resin. 



20. (Deleted) 
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STATEMENT BASED ON THE PROVISIONS OF ARTICLE 19 (1), 
OP PATENT COOPERATION TREATY 

The claims described in the replacemnt sheets differ 
from those originally filed, with regard to the following 
points. 

(1) Claim 1 was amended to specify an ethylenically 
unsaturated compound and a photopolymerization 
initiator used in a photopolymerizable radiation- 
sensitive resin composition according to the 
invention of this application. 

(2) Claim 4 was deleted as a result of the amendment 
of Claim 1. 

(3) Claim 5 was deleted as a result of the amendment 
of Claim 1. 

(4) Claim 7 was deleted as a result of the amendment 
of Claim 1. 

(5) Claim 12 was amended to specify an ethylenically 
unsaturated compound and a photopolymerization 
initiator used in a radiation-sensitive sheet 
material according to the invention of this 
appl ication . , 

(6) Claim 18 was deleted. 

(7) Claim 20 was deleted. 
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-sensitive material 
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